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The  (lcvel,>i„„cnt  ..f  yhv  IKIcn  mine  at  A  icliipictcii,  now 
the  largest  pr.Klncxr  .,f  ii„n  ore  i.i  Canada,  and  the  w.,rk  of 
l)r<.qH.-ctinjr  the  rv/u,..,  which  has  jjone  on  so  actively  for  the 
hist  two  or  tliree  >v,,rs,  have  called  attention  to  the  iron  ranges 
of  Ontario,  an.l  have  sni,'),H'sted  the  doirahiliiv  of  a  more 
detailed  ^'colo.^ical  survey  of  the  district  than  has  hitherto  heen 
attempted  in  the  iron  niiniiijr  districts  of  the  province.  For  the 
sake  of  economy  of  labour,  the  work  has  been  di.i,le<l  'A'tween 
the  ^eoio^rical  staff  of  the  Hnrean  of  Mines  of  Ontario  and 
I'n.fexsnr  Wiiliiiott,  with  his  assistants,  representing  the  Messrs. 
Cler^Mie,  the  proprietors  of  the  mine  ;  the  latter  have  taken  up 
more  esi>ecially  the  mine  aii:l  its  relationships.  Th---  top,)- 
jjrapuical  jrroundwork  for  the  accompanyiuj,'  inai)s  has  been 
obtained  from  various  sources,  the  most  important  beinj,'  the 
.surveys  carried  o.-t  by  the  Lake  Superior  I'ower  Co.,  under  the 
direction  of  tb.c  .Messrs.  Clerj-ue,  to  ^^x  the  bonndaries  of  iiiiuin«- 
claims  and  township.s.  and  to  loca  .he  railway  from  .Midiipi- 
coteii  harbour  to  the  Helen  mine,  a  di.stance  of  nearly  twelve 
miles,  and  al.so  the  branch  line  from  Talbot  lake  to  the 
Josephine  mine.  The  immediate  vicinity  of  the  mines  has  b  n 
mapped  in  detail  by  the  enirineers  of  the  comixiny. 

Where  the  lines  mentioned  were  insufficient  th--  jjaps  e 
been  filled  in  uy  prismatic  comj)ass  and  micrometer  survc  ^r 
by  paced  compass  surveys  tliron<,rh  the  woods,  a  dial  compass 
beiujr  used  t.  heck  the  results  of  the  ma<rnetic  compass  where 
the  proximity  of  the  iron  rantre  made  this  desirable.  It  may  be 
noted,  however,  that  very  little  correction  of  the  compass  was 
needed,  even  wlie;-  workiu),-^  alouj,^  the  iron  raii.<,re  itself,  no  doubt 
becau.se  most  of  tlie  iron  ore  occurs,  not  in  the  form  of  luatj- 
netite,  but  .is  siderite,  limouite  or  hematite. 

As  the  Laurentian  rocks  were  considered  to  be  barren  of 
economic  minerals,  the  field  work  was  coi7'".ied  to  the  Miironian, 
or  carried  into  the  Laurentian  only  far  cuoukIi  to  ex.niiine  'he 
contact  of  the  two  ^rtoups  of  rocks.  Outcrops  of  rock  arc  fre- 
quent in   the  re,t,non,  which    is  hilly  or  even   mouutainrus   in 
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parts,  though  tlie  f(»rc.st  hides  tlic  rt  :k  in  sdihc  places  with 
uiulLTKrowth  niul  a  caqHt  of  moss,  and  wide  dcptwits  of  sand  do 
so  even  in<>rr  completely  in  tlie  low  ;jrotuul. 

On  account  of  the  work  beinj,'  carrinl  on  jointly,  no  sharp 
division  of  the  responsibility  between  the  aiuliors  can  be  made, 
thon^h  the  special  acconnt  of  the  mines  and  the  final  c-mi- 
ilation  of  the  maps  are  the  work  of  Professor  Willniott.  The 
authors  are  nnikr  jjreat  oblit,Mti(>ns  to  the  Messf^s.  Cler^^ue  for 
their  kindness  in  placinjj:  the  results  (.f  sur\eys,  mininjf  opera- 
tions, etc.,  at  their  service. 


T(ir(v;K.\riiv 

The  region  studied  is  about  twenty-five  miles  lou),'  from 
.southwest  to  northeast  and  seven  miles  broul,  and  runs  frori 
the  mouth  of  Dcre  river  to  .1  few  iniUs  beyond  Park  lake  on  the 
northeast.  Just  to  the  south  vest  is  Michipicoten  river  near  its 
ent-y  into  the  bay  <  f  the  .same  naiue  ou  the  northea-t  side  of 
Lake  Superior,  and  access  is  easy  by  steamer  from  the  Sanlt 
St'-.  Marie. 

The  topo<vraphy  is  of  the  ru<:y:ed  character  usual  on  the 
north  shore  of  Lake  Superior,  and  Hematite  mountain,  the 
hiyliest  p(.:nt,  rises  1,100  feet  above  the  lake  within  a  distance 
of  seven  miles.  In  },rcneral  the  hills  fo.  steep  rid>j;cs  with  a 
direction  of  about  70 '  east  of  north  correspoudiu},'  to  the 
strike  of  the  schists,  and  lra\ellin>j  is  difTKnilt  :."ros>  the  I'ue  of 
strike.  Ou  the  other  hand,  tliere  are  broad  s.iiul  i)laiiis  rising, 
as  one  5,roes  inland,  u,  tlic  hei^rht  of  450  feet  in  tenaccs  formed 
by  Lake  Warren  and  lii^'her  sta.t^rcs  of  the  post-<,d:,cial  lakes. 
As  usual  in  archieau  districts  in  Can.rli,  there  are  numerous 
lakes,  varyin-,'  in  sizi  from  mere  ponds  enclosed  i:i  .uuskei,'  to 
Lake  Wawa,  five  miles  in  i'-n;;th,  and  at  all  levels  up  to  .Scx) 
feet  above  Lake  Sui)eTior.  Two  important  rivcr>,  the  I)or«5 
and  the  Maj^pie,  a  tributary  of  the  Micliipicolen,  cross  the 
region,  but  do  little  to  open  it  up,  since  they  have  a  descent  of 
aViout  300  feet  in  the  last  two  or  three  niiles  of  their  course,  and 
form  a  succession  of  rapids  ami  waterfalls. 
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From  till'  simiinii  ..f  H,.,iiat  .c  iiioimtain.  wl.icli  is  situated 
about  in  till-  ini.l.Ik.   .(  tli-.  rcjjion  ami  rises  20-.  feet  ;il)ovc  any 
of  Its  Ufi«:lilMr,rs,  tluu  ; .  prtscntevl  nu)rf  than  the  usual  variety 
of  surface,  meluilin;,'  \ov.ir  rulavs  of   Hun.;,  an  scliis     rounded 
hills  of  eruptiws,   ulneh   sonietiiuis  rise   like  islands   out  of 
huusirine  plains  >treteliesof  tlu-  hunnnocky  surface  so  common 
ni    x;l;«ciated    ardiaan    districts,    lake    basins,    nK-k-rimnied    or 
borderi'l   with    uniskei:.  rivers  with  lake-like  stret-hes  of  dead 
water,  f.i'niiltuoi's  rapi(l>  over  morainic  boulders  and  falls  over 
rocky  descents,  aiu!   finally   the  splendid   promontories  of  the 
shore  of  Lake  Superior  and  th-.-  expanse  of  water  bevond,  broken 
<'!i!y  by  the  dim  form  of  Michipicoten  island  to  the  southwest. 
Tlie  cnntour  lines  on  the  map  indicate  nuijihlv  the  relief  of  the 
land,  but   in   so  ruK^a.<lly  hilly   a    re-ion  t.. .'  workin^^  out   of 
details   would   be   very   laborious,  and   has  therefore   not  becu 
attempted.     The  railway,  in  its  line  of  twelve  miles  from  the 
harbour  to  the  Helen  mine,  climbs  iy~,i<  feet,  makinj,r  use  as  far 
as  possible  of  old  lake  terraces,  but  recpiirin;,'  also   ni.niy  rock 
cultin-s,  which  afford  valuable  sections  for  the  K'colojrist. 

The   intimate  dependence  of    the   top„irraph  ■  on    the  jjco- 
lo^ical  history  of  the  country  is  well  brotij^ht  out  in  the  Michi- 
picoten re-i..u.  where  the  foldinjr  of  the  schists  has  determined 
the  direction  and  steepness  ,.f  the  main  ranijes  of  hiK-; ;  while 
bosses  and  irregular  uia.sses  of  eruptives  j^rjve  rise  to  less  uniform 
hills  or  jjroups  of  hills  associated  with  the  ri(l;res  or  standiujr 
isolated.      The  basis  of  the   topofrraphy   is   to   be  found   in   the 
pre-Cambrian  arrangement  ai.,1  the  varyinjr  po^ver  of  resistance 
to  weatherinj^r  and  en)sion  shown  by  tl  l-  different  rocks  ;  so  that 
the    prominent    features    may   be   of    very    ancient   dale,   even 
pala'ozoic.     While  the   hills   Iv-lonjr   to  antiquity,   the   valleys 
show  the  impress  of  the  very  latest  event  in  the'historv  of  the 
region,  the   Ice  ajje  with  the  jjreat  lak^s  that  accompanied  its 
close.     To  the  deposit  of  mor.'iues  and  boulder  clav  blockiujr 
the  valleys  are  due  most  of  the  dozens  of  lakes  and  ponds  scat"- 
tered  over  the  country  ;  thonjjh  a  few,   like   VVawa   lake,  the 
lar  -est  of  them,  seem  to  have  been  dammed  bv  bars  thrown 
ac  OSS  bays  during  post-glacial  times.     Two  small  lakes  near 
the   Helen    mine   are   rock   basins   dissolved   out   of   the   ^ess 
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usixtiii^  pari".  I'f  llio  iioii  i.iiij»c,  nnl  an-  ctTtainly  |>ri-j;l;ici:il  in 
uriyit'.  Thf  otilv  level  paits  tif  the  ilistrict  ire  the  saiul  plains 
of  p()st-;^laci  il  j;''*^''^  lakes,  wliieli  e(>\er  ni  iiiv  s<jnare  miles. 
Tile  watiui>iif^>  are  hruadU  (Klirtnined  i)\  llu'  aiui»-iit  tojHv 
(jrapIiN,  but  tluii  <Ut.iils  Iia\e  heen  lixe<l  l)V  tin  L^laeial  and  old 
laki'  deposit*,  tlnoiij^h  which,  in  nianv  plaei>,  tlu\  an.  now 
enttiii>>  their  eh.innels. 


CI  ASsiKK  A  rit>\  ()i    rui:  u<h.ks 

TIk  leniis  Iliir.iiiiaii  anil  I.aniviilian  have  .ilieidN'  been 
used  in  previous  pa^es,  but  it  i-N  n.i\'ssar\  to  (Ufnu'  tin.'  sense  in 
vehieii  tliex' .iri'  eniplovi'd  and  .ilso  to'<nbdi\ide  the  lluroui.ni 
into  convenient  );roups  for  tnajiiiinj;  and  <leseription.  When  Sir 
William  I.oj,'an  deseribeil  the  KanreiUi.ni,  it  was  supposed  that 
the  Ni.-histose  strnetnre  of  ;,Micisses  indicated  str.itific.ition  and  that 
the  j^reater  ])ari  of  the  I.anrentian  was  s<dimentary.  Starting 
from  this  .is>nmption  the  eonelnsion  w.is  naturallv  reached  that 
the  I.iurenlian  ;;neiss,  svhieh  underlies  all  other  rocks  in  Canada 
and  perhai)s  in  the  world,  was  the  oldest  known  rock  ;  and  that 
the  uverlyiiij,'  llnroiiian  came  next  in  ajje.  It  h,is,  however, 
been  shown  by  Lawson  and  other  j;eoloj,Msts  that  the  Kaurentian 
prujKT.  exclndiu),'  the  ( trenvillc  and  H.istiujis  series,  is  eruptive 
and  h.is  penetrated  the  overlyinj,'  I'urouian,  and  hence  is  later 
in  a;je.  This  was  |.  ved  first  for  the  Keewalin  or  Lower  Hur- 
oiiian,  and  at'erwa-us  for  the  rjtper  Hnnmian  as  well,  at  least 
in  certain  cases.* 

The  original  Ilnronian  as  map]>ed  by  I/ij^an  and  Murrav  is 
subdivided  into  niunerous  groups,  but  no  attempt  has  been  made 
to  extend  these  subdivisions  over  other  areas,  and  in  {general  the 
Hn.onian  in  other  ])irts  of  Canada  has  ])een  mapped  as  a  unit 
except  in  i!ie  west,  where  Lawson  and  his  successors  have 
separated  two  or  more  litholojrif  j]  divisions.  It  has,  however 
been  rcco,,nnzed  of  late  that  a  very  marked  break  separates  an 
Upper  Huronian  from  a  Lower  Huronian,  the  most  distinctive 
features  in  the  division  beinj^   the  banded  siliceous  iron  range 

*Tke   Afuhtpiiolen   Huronian    Ana    (Amei.    Geol.,    Vol.    xxviii,  No.  l, 
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Kx-  two  i:t>\]\  (lilfrimt;i-«l  roik>  liaw  lutii  fimii<l 
ill  every  lar^i-  IFinnii.m  an-.i  in  <  »nt.irio  ovir  an  i-xtiiit  of  S(K) 
luilcs,  so  tli.il  tlu-  ".nlMlivisioii  1-,  i\  iileiUly  far  rtacliiuj,' ;  hut 
siii^jularly  tiioiii;li  llu'  I.owi  i  Iliimni.in  is  very  little  <1cvc1ojh(1 
in  the  original  ,  i;iou.  thonj^li  well  shown  111  other  distriets  <le- 
tineil  as  Humniaii  hy  I.ojj.m.  !t  i>  |K)Ssil)le  that  on  this  account 
it  niinht  he  hetler  to  call  the  Lower  Ilntoiiiaii  Keewatiii,  nsiny 
Kawson'-  ■<  ini  for  the  western  mcks,  which  .■  ar>,'ely  lower 
than  till  inn^^rlonurate.  hnt  the  fact  that  th-  ■  ,  inj;  done  ii' 
Can  I'la  up  to  tlu  present  inclmles  hoih  div  isio.  .ider  the  nanu 
Unronian  induces  ns  to  retain  that  name,  with  the  sul.division 
into  iipiKr  and  lower.  The  tcrniinoloj^jy  .iscd  hy  IVofcssor  Van 
Ilise  in  his  latest  work  on  the  American  iron  ran>;es  wonld 
naturally  he  adopted  if  he  had  not  ijjnored  the  work  of  ],>t^.ui 
and  later  Canadian  K^''>h>K'  t^  :'"<l  j,'iven  the  name  rjiper  Hiir- 
onian  to  the  \nimikie,*  which  is  almost  cert ainh  much  later  in 
ajjc  than  the  ori^^inal  Hnroniaii. 

'•"or  the  suhdivisions  of  the  I'pper  and  Lower  Ilnronian  we 
sufrjrest  the  followinj,'  names  .lerived  from  localities  where  the 
difTc-ent  litholojrical  tvpes  occur  : 

LantentiaM 


Arcluean 


I'jjper  n       niaii 


Lower  Hnronian 


•J  dneisses  and  (iranites 
I  Hasic  Kniptives 
I  Acid  Kniptives 
I  Dore  Conj^donierate 
(  Mleanor  Slates 
j  Helen  Iron  Formation 
I  WawaTnfIs 
[ Ores  Cap  (ireenstones 

In  the  classification  as  j,'iveii  here,  it  will  be  noticed  that 
the  Laiirentian  is  put  as  the  latest  of  the  archican  formations, 
since  the  j^jneisses  and  ;rranites  are  really  eruptives  which  solidi- 
fied rfter  the  Hnronian  was  solid  rock.  The  Oros  Cap  jjreen- 
stones  are  jrreatly  weathered  dark  <rreen  basic  eruptives,  some- 
times with    an    ellipsoidal  structure    and    sometimes  distinctly 

*  Iron  Ore  n,  posits  of  the  Lak,  Superior  KfgiomV.  S.  Crec\  Smv    19.1    p 
3>7).     Set  reply  to  this  in  /ourn.  ofGeol.,  Vol.  x,  No.  i,  pp  67-76 
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schistose.      The  Wawa  tuffs  are  usually  greenish,  yellowish  or 
pale  brownish  schists,    containing,'  much  silica  and  sericitc,  as 
well  as  carbonates,  and  at  times  so  little  schistose  as  to  be  pro- 
perly called  quartz-porphyry  or  felsite.     The  Helen  iron   form- 
ation consists    principally    of  clierty    or    white   granular  silica 
banded  with  iron  ore,  and  of    siderite.     The  Eleanor  slates  are 
gray  fissile  fine-grained  rocks  with  a  cleavage  crossing  a  banding 
due  to  sedimentation.     They  form  only  thin  bands,  and  it  is 
uncertain  whether  they  should  be  placed  above  the  Helen  iron 
formation,  or  beneath  it.      The  Dore  conglomerate  is  the    most 
important  series  of  rocks  in  the  Upper  Huronian.     It  is  usually 
schistose  and  the  pebbles  are  often  greatly  rolled  out,  when  the 
rock    resembles    closely    an    ordinary    Huronian   schist.     The 
eruptives,  apart  from  tiiose  shading  into  the  (iros  Cap  or  Wawa 
schistose  rocks,  are  classed   with   the   Upper   Huronian,  though 
they  peuetrau-  botji    Upper  and  Lower  Huronian  and  in  reality 
may  be  later  than  Upper  Huronian.     Since  there  is  no  means  of 
determining  their  exact  age  it  is  convenient  to  take  them  up  in 
the  way  snggL-sted. 

The  snb(li\isions  given  above  are  indicated  by  different 
colours  witli  an  additional  colour  for  undivided  Huronian,  used 
in  ]xirts  of  tlic  m:ip  where  it  was  found  impracticat)ie  to  separate 
them.  Xo  distinct  colour  is  used  for  acid  eruptives,  the  Lanr- 
entian  including  both  granites  and  gneis.ses.  On  ;i  map  of  this 
scale,  acid  :ind  basic  dikes  could  hnrdly  tie  indicated,  and  in  any 
case  few  of  the  scores  of  dikes  observed  have  been  traced  out. 


Tin-;  i.()\vi:r  ihroxian 

From  the  classification  given  al>ove,  it  will  be  seen  that  the 
lyowcr  Huronian  of  Michipicoten  includes  a  considerable  range 
of  rocks,  the  Cros  C;ip  greenstones,  the  Wawa  tuffs,  the  Helen 
iron  formation  and  the  Kleanor  slates.  These  will  now  be  taken 
up  in  detail,  bcgiiniing  with   the  lowest. 

77/e  (iros  Cup  j,n-trn stouts.  The  oldest  rock  in  tiie  Lake 
Superior  region  according  to  Professor  Van  Hise  is  the  Ely 
greenstone,  which  corresponds  to  the  (iros  Cap  greenstone  in 
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position   nnd  charncter,    consistiujv   larj,'elv  of  an  ellipsoidally 
parted    basic    i-ncons    rock.     Tliis   structure    is    Ix^st    seen    on 
weathered  surfaces,   where  tlie  rounded  blocks  stand  out  dis. 
tinctly,  each  enclosed  by  a  fine-grained  harder  rind,  the  space 
between  them   occui)ied   by  a  small   amount  of  a  more  easily 
weathered  cementin-  material.     On  a  fresh  surface  this  struc- 
ture is  hard  to  make  out,  blocks  and  matrix  sccminsr  to  have  the 
satne  imposition.     The  rock   is  believed   to  be  a   lava,  which 
has  partly  cooled  on  the  surface  while  the   lower  portion  was 
still  somewhat  fluid  and  in  motion,  thus  breakinjr  up  the  cooler 
layer  into  I,locks  ;  these  were  then  rolled  alonjr  and  given  ellip- 
soidal forms.    (;ood  exposures  are  seen  just  west  of  Michipicoten 
harbour  and  on  the  trail  to  the  old  fishing  station  at  (Jros  Cap. 
Man>-  i)arts  of  the  greenstones  show  no  ellipsoidal  structure,  and 
are  apparently  greatly  weathered  diabases,  while  other  parts  are 
distinctly  schistose,  probably  tuffs  of  the  volcanoes  which  poured 
out  the  lavas  ;  but  the  three  varieties  run  into  one  another  and 
cannot  be  separated  in  mapping. 

The  (Iros  Cap  greenstones,  the  lowest  rocks  in  the  region 
except  the  Laurentian,  which  is  eruptive  through  them,  might 
naturally  be  looked  on  as  oldest.  Hut  there  is  evidence  that  a 
part  of  them  at  least  is  younger  than  the  Helen  i-on  formation, 
since  bands  of  the  latter  rock  are  sometimes  in;'.edded  in  them 
as  if  carried  off  eruptively.  Examples  of  this  mav  be  seen  along 
the  south  shore  of  (Iros  Cap  and  on  the  shore  just  east  of  the 
harbour.  What  portion  of  the  greenstones  is  older  and  what 
younger  than  the  iron  range  is  hard  to  determine,  and  no  attempt 
has  been  made  to  separate  them. 

The  lVtm<a  tuffs.  Above  the  greenstones  are  acid  schists 
generally  having  the  composition  of  quartz-porphyry  or  felsite, 
and  ill  some  cases  still  containing  crystals  of  quartz  or  feldspar 
as  evidence  of  their  origin.  In  most  cases,  however,  they  are 
apparently  tuffs  or  ash  rocks,  perhaps  deposited  in  water,  as  they 
show  more  or  less  stratification.  A  few  are  brecciated,  perhaps 
crush  breccias  or  formed  of  larger  volcanic  fragments  than  the 
ash.  A  curious  variety  looking  like  conglomerate,  found  011  the 
west  corner  of  VV'awa  lake,  is  really  of  concretionary  character, 
but  seems  to  blend  into  the  ordinar\-  quartz-porphvrv  .schist. 
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The  c'vidoiuv  for  «)ri,i,Mii.il  slritiricition  is  not  coiniiionly  wi'U 
inarki'il,  and  the  usnally  distinct  schistosf  stnictiuv  obscures  it ; 
but  occnsionally  a  bandiii|tj  across  the  direction  of  sdiistosity 
can  be  distinguished.  iirol)ably  indicatiujj  beddiuj^.  WhiU'  tlie 
tulT>  were  beiuj;  deposited  or  since  their  fornialiou  important 
chemical  cliaujjes  took  ]>hice.  so  that  they  are  now  jjreatly 
silicificd,  and  even  chantjed  into  a  rock  Hke  clialcedony 
with  a  small  amount  of  sericite.  In  other  cases  siderite, 
aukerile.  dolomite  or  calcite  have  1)een  deposited  alonjj  with 
crvptocrystalline  silica,  su.<,f«restin.u:  a  chanjje  to  the  overlying 
iron  ran-^e  rocks.  Associated  with  the  <j;reenish  or  yellowish 
acid  schists  are  numerous  bauds  of  softer,  darker  s^raN  or  .u:reen 
schist  with  much  less  silica  but  with  a  considerable  amount  of 
c.irbouates  and  dark  silicates,  such  as  chlorite,  biotite,  or  less 
often  hornblende,  e\idently  reprcseutin*;;  basic  tulYs  or  possibly 
sheared  dikes  of  greenstone.  ( )ne  coarse-jjr.iined  dioritic-lookin^ 
schist  consistin.ir  of  chlorite  and  siderite  is  probably  a  chemical 
sediment,  since  no  eruptive  would  contain  so  much  iron.  Small 
amounts  of  dolomite  or  of  a  carbonate  containinj^  calcium, 
maq;nesium  and  iron  with  little  or  no  admixture  of  silicates 
occur  in  the  western  part  of  the  re'^ion,  for  instance  alont;^  the 
railway,  northeast  of  Goetz  lake  and  also  as  a  band  alon,t>;  the 
north  side  of  the  Brooks  lake  iron  ran^o.  The  schists  rich 
in  carbonates  beloni^injr  to  the  Wawa  tufis  contain  also,  as  a 
rule,  more  or  less  silica  of  a  thiely  <,'ranular  kind,  and  are  looked 
on  as  sediments  of  a  chemical  nature. 

'/V/i-  F.haiior  slates.  In  addition  to  the  schists  just  describ- 
ed, thin  bands  of  distinctly  sedimentary  slates  occur  near  Elea- 
nor lake  and  elsewhere  in  the  northeastern  part  of  the  district. 
They  are  buff  to  dark  j^ray  or  black  rocks  with  slaty  cleavajje 
sometimes  cutting;  the  banding;  due  to  sedimentation  at  an  anj^le 
of  25".  Some  varieties  are  carbonaceous,  and  at  a  point  east 
of  Wawa  lake  such  a  slate  was  taken  up  as  a  coal  mine. 
Whether  the  black  <jraphitic  slate  often  connected  with  the  iron 
ranges  belonjrs  to  the  Eleanor  slates  is  not  certain,  nor  has  it 
been  positively  determined  whether  the  slates  are  older  or 
yoimger  than  the  neighbouring^  iron-bearing  rocks.  The  long- 
est stretch  of  these  slates  observed  is  traceable  at  intervals  for  a 
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mile  along  the  north  shore  of  i>aiks  lake  ;  and  considerable 
bands  of  it  occur  under  the  Dore  conglomerate  on  the  (kassett 
road  north  of  I^ake  Ivkanor. 

The  Helen  iron  formation  will  not  be  described  in  detail  at 
this  point,  since  the  account  of  the  }>:eolo<ry  of  the  Helen  mine, 
to  come  later,  will  cover  the  j^rruund  sufficiently. 
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The  lowest  of  the  Lower  Hnronian  rocks,  the  Gros  Cap  <,rreen- 
stones.  are  commonly  so  massive  in  character  that  a  strTke  or 
dip  can  hardly  be  determined.  thou<,rh  there  are  considerable 
bands  of  j^-recn  schist  among  them  which  have  the  usual  strike 
and  dip  of  the  schists  of  the  region,  either  because  of  their 
original  bedding  as  ash  rocks  or  since  they  have  undergone  tlie 
same  stresses  and  have  thus  developed  a  similar  schistosTty.  As 
the  greenstones  often  underlie  t'le  Wawa  tuffs  and  appear  on 
each  side  of  them,  we  may  suppose  that  they  have  t!ie  same 
synclinal  structure,  though  later  eruptive  masses  of  diabase  in- 
terfere with  the  regularity  of  the  arrangement  and  make  attempts 
to  estimate  the  thickness  of  the  formation  ven-  uncertain.  .Since 
nmch  of  the  rock  was  formed  as  lava  flows  the  thickness  would 
naturally  be  variable. 

The  most  extensive  area  of  the  Gros  Cap  greenstones  stretches 
eastward  from  Ciros  Caj)  to  the  mouth  of  the  Magpie  river,  and 
then  north  from  the  Michipicoten  river  to  the  east\\ard  bend  of 
the  Magpie.  Other  large  areas  lie  northeast  of  Lake  Eleanor, 
including  most  of  the  shore  of  Loonskin  lake  and  a  band  along 
the  Josephine  branch  railway  from  mile  131.;  to  mile  1 7.  Xuiii- 
erous  smaller  areas  will  be  found  indicated  on  the  map,  and 
there  are  bands  of  greenstone  and  greenschist  in  the  Wawa  tuffs 
that  have  the  same  characteristics,  but  are  on  too  .small  a  .scale 
to  be  conveniently  indicated  by  the  colouring. 

The  Wawa  tuffs  have  an  average  strike  of  70'  east  of  north, 
though  with  considerable  local  variations,  and  a  dip  of  50-  to 
90^  toward  the  south.  Near  the  Helen  mine  and  south  of  Lake 
Eleanor  they  are  found  arranged  as  a  syncline  enclosing  the 
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Helen  iron  formation  in  a  tronjjh  having  a  pitch  toward  the 
cast.  As  the  dips  are  alike  on  each  side  of  the  synclinal  axis 
the  fold  is  evidently  a  closed  one.  Since  it  was  formed  the 
archtcan  surface  has  been  eroded  down  until  at  various  points 
the  iron  ranjje  has  been  complete' y  removed,  leaving  the  lower 
schists  across  the  whole  width  of  tlie  synclinc.  The  greatest 
measured  thickness  of  the  schistose  tuffs  is  to  the  south  of 
Sayers  l.'.kc,  wlierc  they  reach  the  southern  s!iore  of  Lake 
Wawa.  at  a  distance  of  about  two  miles  and  a  quarter  ;  with  a 
dip  of  70"  this  would  give  a  thickness  of  more  than  1 1,000  feet. 
Included  in  this,  however,  are  some  diabase  masses  which  should 
be  deducted  to  give  the  correct  thickness.  .\s  many  parts  of 
these  schists  are  known  to  be  .sheared  eruptive  mas.scs  their 
thickness  may  be  quite  variable,  and  estimates  of  their  original 
volume  would  be  of  little  value. 

The  Wawa  tuffs  are  the  most  extensively  developed  of  the 
the  Hnronian  formations  of  the  region,  for  though  toward  the 
southwest  tliey  form  only  narrow  bands  on  each  side  of  the 
Dore  conglomerate,  in  the  central  and  northeastern  portions 
they  arc  widely  spread  and  enclose  almost  all  of  the  iron  range 
bands,  with  which  they  are  generally  connected  by  siliceous 
and  sideritic  varieties.  The  boiuidary  toward  the  Laurentian 
is  very  irregular,  as  might  be  expected,  since  the  latter  rocks 
have  erupted  thrijugh  the  Hnronian  and  encroached  on  them 
ur.e<iually.  At  the  Laurentian  contact  the  Wawa  tuffs  have 
been  somewhat  influenced  by  the  eruptives  and  are  coarser  in 
grain  and  more  gneissoid  in  appearance  than  elsewhere.  As 
they  have  essentially  the  same  composition  as  the  Laurenti.Mi 
gneiss  the  actual  boundary  is  not  always  easy  to  determine. 
The  boundary  as  indicated  on  the  map  must  therefore  be  looked 
on  as  only  approximate. 

The  iron  range  rocks  which  come  at  or  near  the  summit  of 
the  Lower  Hnronian  are  the  most  i.iteresting  of  all  ;  but  the 
relationships  of  the  most  important  of  them  will  be  described 
later  in  connection  with  the  account  of  the  Helen  iron  mine, 
and  only  the  less  important  parts  will  be  taken  up  here.  While 
the  Helen  iron  formation  is  most  fully  developed  near  the  mine 
itself,  rocks  of  the  formation  are  found  at  manv  other  points,  which 
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will  be  -eferred  to  briefly.  Beginning  at  the  southwest  there 
are  several  bands  of  siliceous  iron  range  rock  on  Gross  Cap  pen- 
insula, the  largest  at  the  (kos  Cap  mine  on  the  south  shore, 
where  mining  ojjerations  were  carried  on  for  a  time  years  ago.* 
The  materials  here  are  ciiert  and  granular  silica  interbedded 
with  thin  sheets  of  hematite,  but  with  little  solid  ore.  Two  or 
three  similar  bands  with  the  same  strike  of  about  northwest  and 
southeast  and  a  dip  of  50°  to  the  southwest  occur  nearby  in  the 
greenstone;  and  ore  is  found  also  on  the  main  shore  north  of  the 
portage  across  the  narrow  neck  of  the  peninsula,  a  very  pyritous 
band  associated  with  a  little  quartz-porphyry  schist,  running 
nearly  east  and  west  with  a  dip  to  the  south.  The  bands  on  the 
peninsula  appear  to  have  been  swept  off  eruptively  in  the  green- 
stone, but  the  one  on  the  mainland  is  probably  still  in  place, 
since  it  runs  parallel  to  the  schistose  structure  of  the  Dore  con- 
glomerate a  short  distance  to  the  north.  It  is  of  special  interest 
as  the  nearest  source  of  the  pebbles  of  iron  range  rock  so  widely 
found  in  the  conglomerate. 

Two  or  three  small  patches  of  banded  silica  are  fo;ind  in  the 
greenstone  east  of  MichipicfHen  harbour,  apparently  carried  off 
eruptively  ;  but  beyond  this  no  outcrops  have  been  found  for 
eight  miles  to  the  northeast,  wheie  the  Helen  iron  range  begins. 
As  this  will  be  described  later,  it  need  only  be  mentioned  that 
it  runs  for  a  mile  and  a  quarter  a  little  north  of  cast,  when  there 
is  another  interruption  of  a  mile  and  a  half,  followed  by  the  Lake 
Eleanor  iron  range. 

The  iron  range  south  of  Lake  Eleanor,  which  commences 
west  of  the  Grassett  road  as  a  nanow  l)and  in  hills  of  quartz- 
porphyr>-  schist,  is  broken  b\-  a  fault  along  the  valle>  followed 
by  the  road,  two  small  patches  just  to  the  east  representing  rem- 
nants left  by  tlie  dragging  at  the  fault  plane.  The  •  -..in  part  of 
the  range  south  of  Lake  Eleanor  attracted  attent!  cars  ago 
with  its  rusty  cliffs  just  to  the  east  of  the  old  portag.  oad,  and 
was  taken  up  as  a  mining  location,  though  no  work  was  ever 
done  upon  it.  Beginning  with  a  north  and  south  strike  at  the 
west  end  this  part  of  the  range  quickly  bends  in  a  direction  70" 


*  (Icol.  .Siirv.  Can.,  Ret^ori,  1863-69.  p.  131 
1899,  pp.  145  and  254. 
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cast  of  iiorlh  al..n«;  the  south  shore  of  a  small  lake,  tla-ii  turns 
northeast  for  a  short  distance  and  ends  a;^ainst  a  mass  of  jjrccn- 

StO'.lC. 

A  section  across  this  part  of  the  ranjjc  Koini^  sontli  from 
Lake  I'Heanor  shows  tine-j;raincd  >jreeiistonc.  partly  ellipscadal  in 
structure  ;  the  narrow  basin  of  a  little  lake  ;  a  sharply  risinjr 
ridjjc  of  the  iron  ranj,r-j,  consisting  of  250  feet  of  grained  silica 
followed  h\-  twenty-five  feet  of  st)niewliat  schistose  siderite, 
partly  interoedded  with  quartz-porphyry  schist,  ■'hich  extends 
about  i,txK)  feet  to  the  south,  where  it  is  cut  off  by  diabase. 

At  the  west  end  of  this  part  of  the  range  the  relaticmships  of 
the  different  formations  are  well  shown  in  the  cliff,  ('.rained 
silica  forms  the  upper  part  of  the  cliff  with  siderite  bene;|th, 
passing  down  into  a  thin  sheet  of  iinartz-porphyry  schist,  while 
the  base  of  the  cliff  is  of  greenstone.  It  is  evident  that  the 
structure  is  synclinal,  the  iron  range  being  enclosed  in  a  fold  of 
the  lower  part  of  the  Huronian  ;  and  the  trough  thus  formed 
has  a  pitch  to  the  east  as  in  the  more  important  Helen  iron 
range. 

iron-bearing  rocks  are  next  found  about  two  miles  to  the  north- 
west, beginning  just  cast  of  along  unnamed  lake  and  runningfio'' 
east  of  north  past  the  north  side  of  Hrooks  lake  almost  to  Hanldry 
lake,  a  distance  of  about  two  miles.  Here  again  a  fault  ofgre.it 
magnitude  has  been  suggested,  tl;c  fault  plane  ruiniing  north- 
west and  southeast,  and  appearances  favour  this  view,  though 
it  cannot  be  said  to  be  proved.  The  rocks  of  the  Hrooks  lake 
range  are  the  nsual  banded  granular  silica  and  a  more  or  less 
schistose  siderite,  rising  as  a  sharp  ridge  loo  or  200  feet  above 
the  surrounding  countrv.  .Some  narrow  lakes  lie  along  the 
north  side,  as  at  the  I.  anor  range,  and  a  band  of  impure  di^'-^- 
mite  along  that  side,  being  more  easily  attacked  than  the  sihca, 
m.iy  have  been  hollowed  into  these  basins.  The  banded  silica 
is  often  brecciated  or  greatly  crnmpled  and  folded,  but  in  general 
has  the  strike  of  the  ridge  as  a  whole,  with  a  steep,  often  vertical 
dip.  The  rocks  here  al>o  probably  have  a  synclinal  form,  the 
Wawa  tuffs  enclosing  the  iron  range,  but  this  has  not  been 
worked  out  so  certainlv  as  elsewhere. 
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The  iie\t  r,in-L-  Ik'stJus  as  a  sin  ill  strij)  to  the  southwest  of 
Haiildry  lake-  and  extends  eastwards  to  I'arks  lake  where  dia- 
mond drilling  has  been  done  at  the  Josephine  mine.  A  few  sir.all 
oiitcrops  farllur  east  and  north  are  not  of  practical  importance 
and  have  not  !  .en  studied  in  detail. 

Thon>.jli  the  IkmkIs  of  iron  ran;,^'  rock  are  so  narrow,  soldo  1 
havin;^' a  width  of  more  than  kkx)  feet,  and  often  sinkin<,r  to 
less  than  loo  feet,  they  are  the  most  distinctive  formation  of 
the  Lower  llnronian.  since  they  j,'enerally  form  sharp  ridsres 
nn<l  consist  <>f  \ery  easily  recojrnized  rocks.  The  ridj,>-es  have  a 
snrprisiiiu;  uniformity  of  strike,  from  60°  to  Scy'  east  of  north, 
the  usual  strike  of  the  schistose  rocks  of  the  re^non  ;  but  the 
different  ran-es  have  been  separated,  jiartly  1)\-  fanltin.i,',  partly 
by  ernjjtive  masses,  and  partly  by  the  iron  rocks  in  the  centre 
of  the  syncline  havinjr  been  completely  cut  throuj^h  by  erosion. 
Immediately  mider  the  rocks  of  the  iron  ranj^c  there  is  at  many 
points  a  thin  sheet  of  black  graphicic  sl.ite,  but  in  other  places 
the  sideritic  variet\-  of  iron  ranije  rock  passes  by  easy  ^tmIli- 
tions  into  the  schists  below. 

The  source  of  the  immense  quantities  of  silica  and  iron  con- 
tained in  the  Helen  iron  formation  i^^  obscure.  We  must  re- 
member that  hundreds  or  even  thousands  of  feet  of  these  rocks 
have  been  destroyed,  forming'  tlie  pebbles  so  common  in  the 
Dore  coufjlomerate,  or  wcjrked  up  into  still  finer  forms  now  lost 
to  sijjht,  and  that  the  underlyiiit,^  Wawa  tuffs  arej^r.vatlv  cliarjr. 
ed  with  silica  and  sideritc,  especially  near  the  iron  rauj,'e.  It  is 
often  su<,'>,r,.stcd  that  the  iron  rau.q-e  rejirocnts  chemical  sedi- 
ments, and  this  i>  perli.ips  the  most  jjrobab'  view  ;  but  it  leaves 
nntouelied  the  .piestitJii  of  the  source  of  .he  silica  and  iron. 
Whether  basic  volcanic  rocks  and  ash,  like  the  Cros  Caj)  j,'-reen- 
stoiies,  could  under  certain  cimditions  provide  these  solutions 
seems  doubtful,  unless  the  waters  actinjr  upon  them  were  hot  and 
under  pressure,  conditions  which  can  hardly  be  imaj,nned  011  so 
larjre  a  scale  and  in  an  open  sea. 
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Tin:    riM'lvR    in  UONIW 

Till'  Diiu-  cuii^I(iiiurati>  fnnii  iliiiost  tin-  t  ilv  i.  itloiilili  1 
rpjui  lliinuii.in  rorks  of  tlu-  Miiliipiv-otiii  n-^MDii,  .iiid  so  will 
l)o  j|i.siril)i(l  soiufwli.it  fiilK.  Sir  William  I.oi^aii  >;ivis  a  <lc- 
tailid  siitioii  of  part  of  tlnni  at  tin-  mouth  of  Don-  rivir,  ivi- 
(liiuiv  lookiii-,r  Mil  iluiii  .)>  ,1  typical  i-xampli-  of  tin-  llinoniaii,* 
but  Ik-  \va>  ihio  t>>  i-\ainiiK'  oulv  i.^ix)  fi'i-t  of  tlu'iii  Iviiii;  on  or 
lu-ar  lilt-  shore  -f  I.akr  SnjK'rior.  {){  tlu- formation  to  tin.'  m.rtlj 
(iiilaiitli  hi-  >a\  .,  "Towards  the  lowi-r  i),nt  it  asstinu's  iiiorc  thf 
c'h.aactrr  of  ilu-  y:nfiss  wliioh  nsnally  snccivils  it,  ami  hiromt'S 
iiitiivtiatilu'l  with  roldisli  :Vlilspatliic  lavcrs." 

t  >iir  M-riioiis  across  ilii.'  <'<iii;.;lonu'ratc  show  that  I.oir.m  was 
mist.ikrii  in  his  siiviristiou  that  tlu-v  hli-iul  downward  into  the 
j^iuiss,  for  litvi.ud  tlu-  schists  whicli  he  '  lou'^dit  transitional 
tlurc  aic  uiidMiil>tcd  coiijjfiomoratcs  once  more.  These  rocks  are 
hist  studied  in  the  small  islands  olT  the  month  of  Don'  river, 
where  tl!e\  h  've  undergone  less  compression  tiian  elsewhere, 
and  when-  the  sinootii,  wave-beaten,  jjjlaciated  sui faces  show 
mar\el!ous  cross  sections  of  the  pehi>les  and  boulder-..  .\  cen- 
sus i.t  the  i'el)!)]es  one  inch  or  more  in  diameter  was  m.ide  on 
one  si;!i.ire  \  ird  of  surface,  and  the  results  were  3S  examples  of 
^leeii  sehisi,  13  (.»■  ;.;ruiite,  II  of  i^r.iiiular  silica  (iron  ranjje 
loekl,  Si.i  spotted  schist.,  -  of  porphyry.  3  of  felsite  and  i  of 
cou-loiiierate  or  hreccia  ;  n>t.tl  Si.  The  matriv.  at  this  point 
consists  .I'lin.. si  entirely  of  siualler  pebbles  somewliat  s(;tice/:ed 
aiul  il.itieiied.  T!ie  list  jtist  ^M\en  includes  most  of  the  varie- 
ties of  locks  oecurriii!,'  as  pebbles,  and  it  will  be  noticed  th.it  all 
ut  iheui  except  the  >;ranites  ,ire  characteristic  Lower  Huronian 
rocks.  Xu  niuioiiliied  Laurenti  \n  i;neisses  liave  been  found 
after  careful  sv.nch. 

In  most  e.ises  these  c  ii:-loiiierales  are  .iistinctiv  schistose, 
not  slatv  as  J.,.-.m's  n.mie  su-i;ests  ;  .md  thev  .ire  often  so  rolled 
out  .iiid  tlacteiied  th.it  the  i.ebbles  are  cli.inj^ed  into  thin  lenses. 
The  !.;T..nite  In, aiders  lesist  liest  a;ui  ui.iy  be  ahiiost  round,  while 
the  softer  schists  are  ]ires,,e(!  tlnn  and  -..r-appei  round  tliein.  In 
the    last    extreme   the   pebbles    -h.^w   <.:i    cross   sections  as  thin 
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haiulsofsl,«!,tlvv,,vni.coo:.nn.  .uui  on  c!c.u..,cc  >nrt..cc*  are 
mv.s.h'u-.  so  tl,..t  tlu-  ,.vk  ,s  u-.i.i.Iv  taken  tor  a  diiont-.c  or 
hornl.kMuiu-  >olusi.  'nuu  .,u-  o.v..mo„,,1  lunds  spars^^lv  .trcwti 
with  jH-M.lo  or  iuv  iro.n  thon,.  iiuiioatinj;  t!  t-  V-cM.iinK  J'^i 
m  KC"  ral  the  >chi,toso  oloava.co  is  aknu  parallel  to  the  str.mti. 
cation  wl,ere  ,t  cm  W  deternnued,  rlion^h  at  one  jv.int  a  .'.-.tTer- 
encc  of  jN>iu  .-s    was  founil  hetwivn  .he  tNv..  dir.vtions. 

Tlie  ooii.i;loii.erate  is  jvnetrated  .r.  nianv  jv,;nts  hv  .^kc* 
actd  or  l)..sie.  the  earlier  ones  ..hnost  or  qi-ite  as  s,-h:stos.^  is  -he 
enclosinj;  roe'.,  so  that  tluv  ..pivar  now  as  ban.'.s  of  cret-a  o- 
yellowish  red  seliist  tree  trom  jv!>!>'.es.  hi  some  of  the  c-.' 
dikes,  remnants  of  iv.rphvritio  ervstals  of  quart;'  or  feiismj 
•K-enr.  proving  tlieir  eruptive  orixrin  :  audit  is  the>e  Sj-d*  n. 
d.  ..ht.  whieh  Sir  William  I.o>ran  t.x>k  for  :rans:t:or.  rock* 
toward  the  U.nrentian.  As  tliev  .ire  proh.ibh  of!siK>^:s  fr.^..:: 
the  .idjoininx  eruptive  mas.scs  oi  Laurenti.m  j:ne>s,  thev  -u  =T 
.^till  Ix^  kn^ked  on  .•-  closely  rel.ited  to  those  r>.cks.  :h,.-:c'.i  no: 
in  the  way  su,y<,'esteii  h\-  Loj^r.,,,. 

S()me  hands  of  the   Dore   e.,u-Ionier..te   seem    to  K-   Tr.-c" 
more  easily  c-nxl-.ii  than  others.  i:i\  iu-  ri>e  to  .i   s-x-ces- 
narrow  rid.ijes  with  steep  w.ills.  even  overhan^-in-  ou  tiie 
-•iide.  since  the  dip  is  toward  the  Mnith.     Thcs,-   rid-es  cov.fonn 
to  the  direction  of  the  strike,  which  is  usu.illv  .iK>u"  -o^  eistof 
north,  while  the  dip  is  from  (.o'    to  q^v'  ;    there    .ire.'  howc-.er 
rapid  variations  in  the  strike  near  souie  of  tlu-  vrupti'.e  :><-se..  " 
Section>  wvre  made  .icross  the  Dore  con-Ionier.ite  in  s,.xe^:- 
places,  with  r,.sult>  which  niav   he  indicated.     Tiie  r.rst  shows 
2,500  feet  of  the  cui^lonierate  on   islands  .ind   the   -.h.^-e-    br' 
north  of  the  ni,,iith  of  the  river  tliere  is  no  cert.iiu  co::"^-orH-;-e 
observed  for  about   a   mile,  the  rocks  bein-   the  felsi'te   sc'.-.'-^-s 
mentioned  by  Lo-an  and  s.^ft  ^r.iv  and -reen  schists  witli  „  ;-- 
dark  eniptives.     Tlies  .>re  followed',  however,  hv  about  fw,  fe.t.f 
nndoubted    con-h-merate    before  the    n.irrow  b.uul  -f   . -. -:  ■- 
porphyry  schist  indicated  on   the   m.ip  iuter\vnes  betwee;i  ihe 
Tpper  Huronian  and   the  eruptive  oaitact  of  the   La;;-—.--.!: 
A  section  north  of  Michipicotcii  lurl.our  shows  more"  :h  ;v  •.■'i'"-- 
a  mile  of  undoubted  con-L>merate.  then  -r.,v  schis-.  u:::-.  .".-.iv  .i 
few  pebbles  visible,  a  quarter  of  a  mile  of  swamp  w-tl:   :-o  -.ck 
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(.•\|)  >si-<l,  .1  riilnf  ill'  ili.i'  ^i-,  .iiiil  .moiliii  li  iH-uiilr  of  ouij^liiiii- 
vtaW.  a  tiiilc  iM>t  111'  tin-  till  If  IN  .iliiiost  iml>rokrii  miij^loimr- 
(tc  from  .1  jMiiiit  >otiu\\ li.it  M)ulli  <«r  till-  i.iilw.iv,  wlun'  ("iius 
Cap  ^jn'i'ii>ti>iu-  .KCiiis.  tn  till-  !,.iiiuiili,iii,  a  iiiili'  ami  an  ii^;lilli 
to  till-  lUTtli  ;  ami  a  iiiili-  still  faillirr  cast  tluii-  an-  liviMifjIitlis 
of  a  tiiiU-  of  schist  with  liistiiul  |k'1)I)Us,  Itroki-ii  oiilv  l>v  soiiu- 
laki' ili|H>sits  luar  till- mit' Ik-  of  the  sivfion.  A  liltli-  ra.sl  of 
this,  mar  inik-  i,  on  tlu'  railway,  tin-  strike  chan;;i's  to  nortli 
ami  south,  ami  tlu-  i'onj,;li)nii-ratc-  is  out  otT  hv  ,i  taiinU-  of  riiii»- 
tivi-s,  j^nt-nstoiu's,  fi-lsiu-s  ami  porplu  rii.'>,  with  sonu-  hamis  of 
schist  in  wiiich  no  i>i.l)l)lis  wc-ri  ol)Si-i\i-ii. 

To  th '  la-it  of  this  no  iaijji-  .ircas  of  Don-  ronj^lonii-rati' liavr 
Ik'cii  fonml,  thoii);h  cotnparativi-ly  narrow  l.tmis  oiviir  .lionv; 
the  line  of  strike  oi  the  main  ma  .s  .it  two  sii'.-ees,sive  l)en(is  of 
Majjpie  river,  ami  two  other  .strips  hive  l)een  mapped,  one  jnst 
sonth  of  K  ikc  Eleanor,  ami  the  other  .ihont  two  miles  to  the 
iiortli  on  tlie  (ira.ssett  ro.ui.  Tlie  last  onteroji  is  of  a  typical 
kind  ami  is  ciuwiied  wit!i  pehhles  and  bonlders  very  little  tlat- 
tened  and  reacliinjj  a  diameter  of  two  feet.  Thi.s  area  t)f  con- 
glomerate, like  the  one  .-onth  of  hake  Kleanor,  is  associated  ,itli 
certain  gray  schi.sts  readily  cnunblinj^  into  coarse  brownish 
.sand  and  gravel,  ap]>ar!.-ntly  interbcddcd  witli  tlieni,  .so  that  tliey 
must  be  iticlndcd  in  tlie  Upper  Hnronian.  The  congh)mcrate 
liere  rest.•^,  at  least  in  part,  on  Kleanor  slate,  and  includes  at  its 
base  many  dark,  angular  .slate  pebbles.  Tlie  two  sm.di  bands 
of  Dore  conglomerate  just  mentioned  are  parallel  to  one  anotlier 
and  a  mile  ami  a  quarter  apart,  the  space  between  being  occu- 
pied In-  Lake  Kleanor  and  a  wide  sand  and  gravel  plain,  .so  tliat 
tlierc  is  a  possibiiit\  that  they  arc  connected.  Two  or  tliree 
small  outcrops  of  conglonierite  south  and  east  of  W.iwa  lake 
need  not  be  mentioned  in  detail,  tliough  they  arc  of  interest  as 
Suu.s-ing  that  the  ruck  w.is  prn!)ably  once  nuicli  more  wide- 
spread than  now.  The  most  e.isterh  nias.s  of  conglomerate  is  a 
mile  and  a  half  south  of  tlie  high  falls  of  the  .Michipicoten 
river  ;  wliilc  strips  and  p.itchesof  the  same  rock  are  found  along 
the  shore  of  l.:ike  Superi(jr  west  of  Dore  at  Dog  river,  Kagle 
river  and  I'u'-aswa  river,  giving  a  total  length  of  37  mile.'", 
though  with  several  long  gaps  between  tlie  western  outcrops. 
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Tlu- ul.tioiisl,,,,  of  tlu-in.iin  .irc.i  of  Oorc  con^rlomentcs  to 
the  otIuT  r.H-ks  ..f  tin-  u-)ium   i*  „.,;   .ilwoliiulv  certain.     Their 
f.urlv  ut.ifortii   stiikr   .in.i    .l,,,   iunn    .outli    to   north   sugR^st 
th.n  l\wy  .1U-.  .,s   sMppoMd    In    l.o^..,,,.  .,   coiuiniunis   scrit>  ^• 
str.it,.  ivsiniy  oil  tlu-  I,.mnnti.iM  to  the  north;  in  which  c.i.«e 
thcv  wonKl  h.uc  ,.  thickness  of  .,l,ont    7.5.0  feet.     Howcxcr  it 
IS  not  CIS     ..,  ini.ijjuie  sndi   .1   ni.i.vs  tilted  iKHlilv.  .ind  it  is  ni-rc 
nafin.l   to  think  of  the  scries  .,s  fonnin^  .1   close  fold,   most 
prokiblv  .1  svndine  with  the  two  sides  close! v  s.^Ul•v/c^i  t..pether 
and  tilted  sii^htlv   aj^-iinst   the   Uiirenti.in  ma.v*  to  tlic  north. 
In  this  CISC  we  ni.iN  sui>iH)se  that  the  strata  were  to  some  extent 
pulled  .ismuier  ..t  the  base   of    the   fol.l.   which   wa.s  in  tension 
allowuiK:  fel.sites  and  diab.i.sos  to  penetrate  parallel  to  the  line* 
of  e.isy  partinjj.   whether  of  In^ddinp  or  .schistositv.     The  <  in- 
cline, with  a  thin  sheet  of  Wawa  tiifTs  and  an  irregular  mas>  of 
r.nw  Cap  jjreenstone  hene.ith   it.  sa^-^^ed  trouKh-like  into  the 
plastic  Unrcntian.   which  ro.se  on  each  side  in  a  bathol:tn:c 
way.  sqnee/inx:   the    Hiironian    rocks    between,    t^attenin^'    the 
pebbles  of  the  coiiRlomerate.  and  with   !u-  aid  of  heat  and  moisture 
prodncing  the  recrystallization  of  the  sc.liments  into  tji,-  present 
•schistose  form,   while  dikes    pushed    r.p  from    below    into  the 
disnipted  lower  part  of  tiie  fold. 

-Vssnminjj  a  sin>,'le  syncline.  the  thickness .  .f  the  cunirlotnerate 
IS  3.7(X)  feet  withont  allowing  for  incrc.i>.  in  th:cknc.»  due  to 
the  dike.-,  nor  for  reduction  i,,  thicktio..  due  to  >^iueexinj:.  .\> 
the  pebbles  and  boulder.-  are  often  tlattenol  tii;  their  th.icknos 
IS  only  one-fifth  or  one-tenth  of  their  lcni:t!i  in  cro.w  .-ection. 
there  must  have  been  a  -reat  comp-.-s-ion  .i.-  couip.red  wi:l-.  the 
or:^'ina!  ma.ss  of  ...ediiuents.  It  i.  .,{  cour>e  i>....-.'..il)lc  that  the 
foldin;,'  is  more  coni])le\  and  thai  in-tea.!  of  a  .-in^lc  syn.line 
there  are  -ever.il  close  f(jlds  in  >ucce»io::,  :,;;t  :l;is  \ic\'.  is 
unsupported  by  field  evidence. 


There  is  one  puz/.liu^r  relatio::-hip  betwi 
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Lower  Huronian  of  the  rexfion.  If  the  I'pper  Huronian  f-.ll'-.ws 
the  la.-t  formation  of  the  Lower  Huronian.  the  Helen  :ron  r  •.k.-.. 
in  rei^^ul.r  .succession,  we  should  e.xpect  to  find  somewhere  a 
syncline    in    which    the    conglomerate    occupied    the   middle. 
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folliiwtit  »>v  thf  iron  r.iuijf  tiuks  mi  jmoIi  huU-,  mu\  tluii  hv 
Wit  W.I  tnff*  ami  dnw  C.i|>  ^jntnstonf*.  with  tin-  l.aiirniliiiii 
foriiiiiij,'  an  t-niptivi-  i-i.m.ut  with  lh«-  l,i>t  rmk  ;  hut  tlii>  Ii.ih 
not  Ik'ih  f(»ini<l.  luHtiMiI,  wi-  sif  the  Don'  i-tuiKloiiuratt'  iKjiijiy- 
iiijf  thictiitrt'of  oiu'syncliiu- with  W'.iwa  tiitls,  ttc,  on  r  uli  sidt- ; 
atui  till'  Uflcii  iron  fornia)it..i  forming;  thr  ron-  of  othir 
.<yni"linfs  i'i.cIosi«l  in  tlu'  Wawa  tuffs;  l>ut  tlu-  two  mvir  (Ktur 
totn'tlur.  Im  fact  the  i-onj;Ioinirati'  lias  uivt-r  Urn  fount!  in 
iniim-iliati'  ».oiitai't  with  thi-  imu  rau),^-  from  which  so  inanv  of 
its  iKlihlts  wort-  olttainrd,  thou>;h  the  two  rofks  arc  sointtinies 
witliin  a  ((iiartir  of  a  tnili-  of  oni'  anollur. 

It  is  certain  that  the  riK-k.s  df  the  ir«)n  ranjjc  had  undirj^one 
(jnat  destruction  Jufort  the  couj;K)nierate  was  formed  ;  and  it 
tnay  even  l)e  that  tlie  l.iwir  Mtirouian  had  Iwcn  thrown  into 
foMs  htfore  the  erosion  t(Hik  place  wliich  fiirnished  tlie  pehhies 
of  j;Tannl.ir  silica  and  other  Lower  Hnronian  rocks  contained  in 
the  con)rIomerate  ;  so  tliat  'lie  svtidines  of  the  l'pi>er  lluroni an 
may  l>e  of  an  •.iitirely  later  a^je.  However,  in  a  re^Mon  which 
has  heen  so  disturlRil  hv  later  eniptives  and  probably  also  bv 
extensive  fanltinv;,  j^re  it  rej;ularitv  in  the  arranj^ement  of  the 
different  form  itioas  can  hardly  be  l<M)kcd  for. 

While  some  of  tlie  eruptives  so  common  at  Michipicf>ten 
are  tlistinctly  I.ower  Hnronian,  forming;  ji.irt  of  the  (rros  Cap 
;,Teenstone  or  W.iw.i  tutTs,  there  aie  ■  thers  which  ,ire  evidentlv 
later  in  ai,'e,  peiietr.itinu  both  I.ower  and  V]^\k\  Huroni.m  mrks 
as  dikes  or  bi-sses.  ( )f  these  the  acid  eniptives.  qnartz-porplurv 
.ind  fel-ite,  ire  probablv  the  older  rocks,  beiui,'  aptiphvsae  from 
the  ikiv;liboiiri!i)..  I.aiireiiti.in,  which  ju.ide  their  wav  into  the 
schists  while  the  Hiuoni.m  was  sjukiut;  as  trouj^hs  bttwecii  the 
adioiniui;  i,TMiitic  l>atli'<litlis.  Dikes  of  this  kind  .ire  not  found 
Ml  the  \iiiniikie,  whicli  (uerlies  both  Hiironi.m  and  K.iureiitian 
umoiifniiiiahlv  ;  >o  tli.it  we  iiiav  consider  the  acid  eniptives 
later  th.in  the  Don.'  co!i-I.)iiKr.ite  but  iinicli  earlier  tli.iii  the 
.\iiiiiiikie. 

The  b,(>ic  dikes  iic!  hn^^o,  chietlv  (li,d),ise  and  di.ib.isf 
p('rt>hvrite.  .nv  .ippii;.  iitK  the  latest  mcks  of  the  region. 
cuttiii>(   ill   of  tb     Mtlurs   iiul'uliiii;   the    l..mreiiti.in,   .iiul   (>fteii 
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He>:i„m„^on  th.  u..-  the  .ronr.n^e  a.  :..;:n.i  at  the  Hv'cr 

nn.K  ..  ,n  two  lon^;  t\u^,r.  reaching  the  shore  of  Talb-t  " -ke 

l>m  not  eros>i„«  it.     T!u-  .o„th.rn  ringer,  lon^  ..::  i  „arr.\s-  ^  .^ 

>^U^  reaches  a  short  ai>tanoc  into  the  water  of  the  lake,  but  i,<* 

».'t  apiK-ar  u„    the  op,H.>ite  m.!..      It   extends  easterly  i:p  the 

y.ulevo,  .,  Mnall  creek   until  it   re.che.  the  nt..:n  b^xiv  .!•  the 

t..nn,aion  near  Saver>  lake.     Foil-win^  the  bounhrv  n  - V 

vv..ru.  .ire  sexeral  minor  fol,J>  whieii  are  >e-en  to  re<  .,n  Waw  a 

t':ns.      Inencros,.,:.  th.  r,iau..v  tr.ck  near  the  outlet  the  r  .- ^e 

extemls  ^^^.ix.nd  to  v    thin  ,,  r.w  feet  ■■:   the   >hore    •:  the   1   -^ 

'e:n-  !>.>Ito!neil  hy  \V,r.\ 

-clhis  t  ■  (-xtvn'i  quite  re;.;-:' 

>:ini;i:i-    almost   vertical!\ 


■v.i    ;;i!I«. 


'-iKC, 


':i  tile  north  .»i.:e  the  ranije 


■  ■y  t•.^v.;r.i^  the  ea 
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tue  ..Mt.^t  ..f  S.Ners  lake,  as 
-.:o\^n  in  cuttings  alon^  the  railwax.  th.   i..rm.::.,n  his  've-i 
t'l.rou-hly  fluttered,  and  a  heautifu:  Sreccia  h..^  resu'v'       \ 
>niJl  ti:unel  ciriven  .it  :i;.:ht   n-le^  f  the  formation  ^:[b^ i.^,- 
-i  the    .;r:e:  of  Saver.  1  ,kc  .l>c:...e,l  chert>  C.rrx  ::•  .  fv-ne    ;•-  = 
a  Mn..l  amount  of  car!,.,na:e.     South  of  the  railwav" track  5-^  = 
Nv.st  of  Sav.r.  L^ke  Mr.  Hly  -li  i  -on^i^leraMe  work  in  .tr-v^^ 
t:ieiorniati..n.  !,;:t  notiiin-  w  i,  .hown  hv  ]r.<  trencher  ^x^;.,^J 
p.  ntic  quartz  rock  and  ferru-in.-us  cherts  with  a  sm  all  a-r  ••"• 
■  :  suriarv  oxidation       (.)■;  the  south   Mde  of  Savers  lake    ■■■^■^'1 
turrlier  ca>t.  a  tiinne:  wa>  dri\e::  1  y  (V.^tz  ..;  r:-h:    r.:   \<-"-^-l 
forinatioii.  whicl:  <ii-.c;  '  " """" 
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some  places  becoininjr  almost  pure  pyrite.  Wawa  tuffs  striking 
east  and  west  l)ound  the  formation  on  the  sotith.  Alonjr  the 
north  side  of  Savers  lake,  where  the  formation  has  been  exposed 
by  railway  cuttin<;^s,  the  belt  of  chcrty  rock  is  shown  to  have 
been  badly  disturbed  by  foldinjj  and  fnultinjj^,  the  strikes  and 
dips  chanjjinj;;  very  rapidly,  but  on  the  whole  the  formation  is 
seen  to  run  east  and  west.  Near  the  inlet  from  Boyer  lake  a 
small  amount  of  pyrrhotitf  is  associated  with  pyrite. 

At  the  (mtlct  of  Hoyer  lake  the  iron  ran^^e  contains  a  con- 
siderable amount  of  carbonates  as  well  as  banded  chert  carrying 
pyrite,  and  one  hundred  feet  eastward  alon^  the  railway  track  a 
lens  of  pure  carbonate  is  found  carrying  as  much  as  35  per  cent, 
of  iron.  This  changes  gradualh-  until  it  becomes  a  quartz- 
porphyry  schist  In  a  j)rogressive  decrease  of  carbonate,  but  so 
gradual  is  the  change  that  no  definite  line  of  demarcation  can  be 
drawn.  Along  the  south  shore  of  Hover  lake  the  rocks  expo.sed 
are  the  ordinary  quarlz-porpliyry  schists,  though  near  tht;  stair- 
way there  is  a  small  dike  oS  greenstone  now  altered  to  schist 
four  feet  in  width.  The  southern  boundary  of  the  ore  body  is 
the  same  (piartz-porphyry  schist  already  described.  On  the  sur- 
face at  the  top  of  the  hill  near  the  camps  it  is  seen  to  contain  a 
small  amount  of  carbonate,  and  in  a  drill  hole  to  be  described 
later,  which  entered  this  rock  several  hundred  feet  deeper,  it  is 
found  to  contain  couqiarativeh  pure  siderite. 

On  the  eastern  boundary  of  the  Helen  claim,  as  shown  in 
detail  on  the  acconipan\ing  luaj),  succeeding  the  quartz-porphyry 
schists  to  the  north  is  a  band  of  grained  silica,  and  following  this 
almost  to  the  northern  boundary  of  the  claim  is  a  band  of  very 
pure  carbonate  of  iron.  On  the  northern  boundary,  and  running 
almost  parallel  with  it,  are  beds  of  ferruginous  chert  dipj)iug 
almost  vertically  and  extending  for  450  feel  to  the  north.  This 
banded  chert  continues  regularly  along  the  north  shore  of  Hoyer 
lake  to  the  part  already  described  near  the  outlet  of  Sayers  lake. 

The  ore  body  itself  lies  at  the  eastern  end  of  Hoyer  lake  and 
is  surrounded  on  three  sides  by  steep  and  high  hills  and  on  the 
west  by  the  waters  of  Hoyer  lake.  The  accompanying  plan 
shows  the  contours  of  these  hills  as  determined  bv  aneroid  baro- 
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meter  and  the  contours  of  the  ore  body  as  actually  levelled.  It 
will  be  noticed  that  tlit  hij,rhest  point  of  ore  is  almost  u>o  feet 
above  the  oripinal  level  of  I?o\cr  lake  and  that  the  surface  of  the 
ore  body  dips  from  this  point  in  all  directions.  A  small  valley 
rniuiins:  east  from  Hoyer  lake  on  the  south  side  of  the  ore  body 
was  originally  filled  larjrely  with  j^Iacial  materials,  but  in  the 
eastern  end  with  boulders  of  ore  and  siderite  also.  The  ore  body 
was  for  the  most  part  covered  with  a  ver\-  slijjht  mantle  of  moss 
and  earth,  but  on  the  east  the  yjlacial  material  was  from  15  to  20 
feet  thick  and  in  the  valley  just  mentioned  it  was  even  deeper. 

To  the  west  of  the  ore  body  lies  Boyer  lake,  a  pond  about  a 
quarter  oi  a  mile  in  kn.<,rth  and  hardly  as  wide,  rock-rimmed 
throu<,diout  and  133  feet  deep.  This  lake  is  now  bein>,r  pumped 
out,  and  on  some  boulders  exposed  alouf;  the  shore  a  iilni  of  oxide 
ma\-  be  noticed,  which  nnist  have  been  deposited  on  them  there. 
As  one  of  these  boulders  was  a  <jnciss  certainly  brou<,rht  there  in 
placial  times,  the  thickness  of  the  crust  on  it,  from  one-sixteenth 
to  one-ei<,dith  of  an  inch,  represented  the  deposition  which  has 
taken  place  in  the  lake  since  that  era. 

.•\lonj,r  the  shore  near  the  ore  body  a  yellow  ochre  was  ex- 
posed which  on  analysis  showed  : — 

Iron 4()-5'>  pt-'r  cent. 

Manjjanese    ....  o.-i) 

.Sili^a 6.63 

I^ime trace 

Carbon  dioxide    ...  4.13         " 

Xear  this  yellow  ochre  was  a  dark  <,^reen  mud  which  aj)- 
parcntly  will  l)e  found  to  cover  the  bottom  of  the  lake.  .An- 
alysis showed  : 

>^'l'C"a |7.5,S  per  cent. 

Iron 11.2^        " 

Mauj^Muese     ....         0.14        " 

Lime 0.95 

Carbon  dioxide  ...         •^.  ig 

Into  the  ore  body  several  drill  holes  were  piu  down,  and  the 
cores  of  these   were  examined  by    Mr.  C.  H.  Clarke,  chemist  of 
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the  Company,  analysis  bcinjj  made  of  representative  samples  at 
various  depths.  Drill  hole  No.  i,  near  the  point,  was  snnk  ver- 
tically 188  feet,  all  in  ore  containinjj  on  the  average  63.89  per 
cent,  of  iron,  0.0345  per  cent,  of  .snlphur,  o.  1159  per  cent,  of 
phosphorns  and  2.24  per  cent,  of  in.soluble  matter.  The  highest 
assay  showed  69. 16  per  cent,  of  iron,  a.id  the  lowest  59.87.  Drill 
hole  Xo.  3,  440  feet  from  the  point,  was  started  at  an  eleva- 
tion of  734  feet  above  Lake  Snperior,  and  was  put  down  verti- 
cally for  72  feet,  the  first  18  feet  being  soil.  Helow  this,  ore  was 
found  running  56.73  per  cent,  of  iron,  0.015  P^''  ce"t.  of  sulphur 
and  0.017  per  cent,  of  phosphorus,  with  8.40  per  cent,  insoluble. 

A  drill  hole  sunk  558  feet  at  an  angle  of  45°  on  the  south 
side  ui  the  claim  showed  chiefly  siderite,  though  with  some  f-  ■ 
site  and  pyrite.  The  purest  siderite  contained  44.03  per  cent,  of 
iron,  and  average  examples  contained  29.82  tc  ~  per  cent,  of 
iron  with  about  2.5  per  cent,  of  manganese.  A  shaft  sunk 
toward  the  eastern  boimdary  of  the  exposure  of  ore,  starting  at 
a  level  of  745  feet  above  I/ike  Superior,  or  95  feet  above  Boyer 
lake,  penetrated  soft  brown  ore  for  the  whole  depth  of  100  feet, 
and  in  a  drift  from  it  two  bauds  of  pyritic  sand,  almost  pure, 
two  feet  in  width,  were  found,  and  near  the  second  one  a  deposit 
of  very  fine-grained  almost  pure  white  sand.  A  drift  from  about 
the  same  point  rutniiug  a  little  nortli  oi  east  for  20(j  feet  exposed 
a  large  amount  of  soft  brown  hematite,  crossed  at  35  feet  in  by 
a  band  of  the  same  sand  nine  feet  in  width.  At  the  end  of 
this  tunnel  lean  ore  was  encountered  ending  in  a  band  of 
chert.  ( )ther  drifts  and  tuiniels  disclo.sed  similar  associations 
of  brown  ore,  sand,  siliceous  ore  and  chert. 

At  points  in  the  ore  body  the  open  j)it  workings  have  un- 
covered jKJckets  of  pyritic  sand,  consisting  largely  of  tin\-  crystals, 
the  largest  one,  45  by  8  feet,  cut  off  very  abruptly  by  the  ore, 
with  n(j  gradation  between  the  two.  Occasionallv  in  this  bed 
.some  iKJulders  of  solid  ore  were  noticed,  the  largest  two  feet  in 
diameter.  Little  stringers  of  ])ure  white  fine  sand  were  oc- 
casionally seen  in  the  pyrites,  hut  apart  from  these  minor  occur- 
rences the  pyritic  sand  .seericd  to.  be  a  pure  concentrate.  It  is 
.said  that  on  the  surface  this  deposit  first  made  its  appearance  as 
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a  chimney  of  sand  abont  30  feet  in  diameter,  and  that  as  followed 
down  the  siliceons  sand  was  gradually  replaced  by  pyritic  sand 
until  the  present  level  was  reached,  and  that  the  pyritic  sand 
has  been  replaced  in  the  bottom  with  solid  ore  just  as  abruptly 
as  it  changed  on  the  sides. 

Behind  the  ore  body,  as  above  mentioned,  is  a  high  hill  rising 
about  1,700  feet  above  sea  level ;  costeans  made  at  several  points 
have  enabled  the  structure  to  be  fairly  well  made  out.  One  cos- 
tean  was  sampled  by  Mr.  Clarke,  who  made  analyses  of  the 
siderite,  begiiming  at  the  south  and  passing  to  the  north.  The 
siderite,  which  averaged  34.94  per  cent,  of  iron  and  7.70  per 
cent,  of  insoluble  matter,  has  a  total  width  of  136  feet. 


f 


i 


ORIGIN   OK    THE    HELEN   ORE    BODY 

So  far  the  description  of  the  Helen  mine  has  been  confined 
to  the  facts  observed,  but  we  may  now  attempt  to  explain  the 
manner  in  which  the  formation  was  probably  deposited.  Appar- 
ently at  one  time  volcanoes  were  in  active  operation  in  this 
vicinity,  lava  flows  took  place,  ashes  fell  abundantly  on  the 
neighbouring  lands  and  in  the  adjoining  seas.  These  on  con- 
solidation gave  rise  to  the  quartz-porplury  schists  or  Wawa 
tuffs  as  they  are  marked  on  the  map.  At  intervals  the  volcanic 
activity  would  naturally  become  quiet,  and  apparently  then 
chemical  sediments  were  precipitated  from  the  waters,  which 
seem  to  have  been  heavily  charged  with  carbonates  of  lime  and 
iron  and  als'>  with  silica.  These  intervals  would  be  of  varving 
duration,  and  the  rate  of  precipitation  would  also  vary,  and  so 
lenses  small  or  large  of  carbonates  or  of  silica  would  occur  in 
the  tufTs.  On  the  recurrence  of  volcanic  aclivitv  the  carbonates 
being  precipitated  would  be  scattered  throughout  a  large 
volume  of  volcanic  ash.  In  this  wa\-  for  the  most  part  ha\e 
been  formed  the  Wawa  Hiffs  of  the  region  and  interliedJcd 
lenses  of  limestone  and  siderite  and  the  grained  silica,  small  in 
amount  but  widely  distributed. 

Later,  there  was  an  entire  cessation  of  the  volcanic  ashes, 
and   chemical   sediments  were  precipitated   for  a  considerable 
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time,  in  soiiio  places  carlnniates  and  in  other  places  silica  liavinjj 
been  precipitated  lirst.  Tlie  deposition  of  one  or  the  other  went 
on  nntil  l)eds  jx-rhaps  500  feet  in  thickness  were  bnilt  np. 
Later,  the  Wawa  tnffs  and  the  Helen  iron  formation  were  both 
folded  and  lilted,  by  which  the  scliists  were  formed  into  a 
tronjjh  nntlerlyinK  the  iron  formation,  while  that  formation, 
lyins,'  closely  on  this,  occupied  the  interior  of  the  basin.  In  the 
sections  accompanyin^f  both  the  x:fneral  map  and  that  of  the 
Helen  mine  this  foldini;  has  been  expressed. 

The  fo]din<,'s  were  not  nniform  for  the  whole  extent  of  the 
iron  ranjje.  bnt  bein<,r  oreater  in  one  part  than  anotlier  jutches 
were  ,>ri\en  to  the  formation  at  .ipproximately  rijjht  an-^des  to 
the  lines  of  the  folds.  At  the  Helen  mine  nnnurons  obser- 
vatioiis  alon-  the  shore  uf  lUner  lake  .nid  the  ore  bodv  seem  to 
indicate  th.it  the  Wawa  tnffs  pitch  abont  t  tv  dcjjrees  to  the 
ea.st.  I'.y  this  chan-^a-  in  the  jiiteh  the  iron  formation  wonld 
become  lower  in  some  places,  iiul  .ifter  erosion  had  still  fnrlher 
lowered  the  j^r^neral  level,  wunld  appear  as  isolated  frajrments 
rather  than  a  continnons  formation.  That  this  is  now  the  case 
can  be  seen  by  reference  to  the  map.  Similar  conditions  seem 
to  have  existed  in  the  \'ermiliun  iron  ranjjc  in  Minnesota. 

The  foUiins,'  and  tiltint;  of  the  iron  rancje  was  natnrally 
accompanied  by  a  j,'-reat  fractnrino;  of  its  component  parts,  and 
the  breccia  which  often  resulted  is  well  shown  on  the  railway 
track  near  Talbot  lake.  The  ori',nn  of  the  deep  ponds  Hoyer 
and  Sayers  lakes  is  doubtless  connected  with  this  brecciation, 
for  they  are  rock-rimmed  and  extend  for  a  depth  of  130  feet, 
and  are  natnrally  supposed  to  have  been  bron<rht  about  by  solu- 
tion. Hrecciaticn  of  these  rocks  would  promote  the  circulation 
of  solvents,  and  so  assist  in  oradually  deepening  them. 

Several  solvents  mav  have  had  an  influence  in  dissolving 
and  removing  the  carbonates,  but  probably  the  mo.st  effective 
wonld  be  a  solution  of  acid  ferric  sulphate  or  sulphuric  acid, 
probably  resulting  from  the  oxidation  of  the  iron  pyrites  found 
in  considerable  quantity  throughout  the  iron  formation  both  in 
the  chert  and  the  carbonate.  The  ore  body  itself  is  the  result 
of  the  oxidation  of  the  iron  carbonates  which  existed  in  such 
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larpe  quantities  at  this  point,  the  iron  pyrites  probably  contri- 
bntinjj  ver>-  little  to  tlie  ore  body.  On  the  snrface  of  the  hill, 
where  oxidation  of  siderite  has  progressed  inwards  about  half  an 
inch,  Icavinjr  that  amount  of  brown  hematite,  it  is  found  that 
grains  of  pyrites  which  were  scattered  through  the  siderite  still 
remain  unaltered ;  this  goes  to  show  that  pyrites  is  changed 
comparatively  slowly.  Moreover,  the  presence  of  pyrites  in  the 
pit  itself  as  described  above  shows  that  it  may  be  deposited  as 
concentrates  and  still  undergo  comparatively  little  oxidation. 

Apparently  the  process  of  ore  formation  has  proceeded  as 
follows.  A  solution  of  the  iron  carbonates  derived  from  the 
overlying  parts  of  the  iron  formation  (which  we  may  assume  to 
have  been  several  hundred  feet  higher  than  at  present),  penetrated 
downwards  to  a  point  at  which  the  ore  is  now  found,  where  it 
came  into  contact  with  a  current  of  water  charged  with  oxygen. 
This  would  result  in  the  precipitation  of  the  iron  as  an  oxide  or 
as  a  hydroxide.  The  fact  tliat  the  ore  body  seems  '-  'I'n  mi  nil 
directions  from  its  highest  summit  would  suggest  tli  .is 

point  the  precipitation  must  have  occurred  more  rapidK  t.  an 
elsewhere,  and  that  here  the  water  carrying  the  oxvgcn  met  the 
iron  solutions. 

Apparently  the  upper  parts  of  the  ore  body  were  formed 
much  as  stalagmite  is  deposited  on  the  floor  of  caverns.  This, 
of  course,  assumes  that  surrounding  the  ore  at  that  time  there 
were  masses  of  the  iron  formation,  probably  in  the  main  siderite, 
which  fornu.l  the  walls  of  the  cavern.  Such  a  hole  as  mav 
have  existed  here  may  be  observed  on  a  much  smaller  scale  on 
the  south  .shore  of  Unig  lake  near  the  Jo.sephine  mine.  It  is  in 
this  regifm  very  unusual  to  find  caves  or  caverns,  but  at  this 
point  of  the  iron  range  a  small  o-pcniug  about  one  foot  in  dia- 
meter comes  to  the  surface,  opening  below  into  a  cavern  about 
twenty-five  feet  in  depth  and  widening  out  to  an  unknown  but 
probably  small  extent.  No  doubt  the  cavern  has  been  prociueecl 
in  part  by  the  folding  and  partly  by  solution,  and  it  is  possible 
that  a  similar  but  larger  cavern  existed  where  the  Helen  ore 
oody  is  now  deposited.  In  this  cavern  one  can  see  how  there 
might  be  deposited  at  times,  through  the  inrush  of  water,  large 
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qiuiiilities  of  pyritic  sand,  the  residiic  from  the  sohition  of  the 
overlyiii),^  siderite.  As  already  explained,  the  pyrites  are 
ohser\ed  to  weather  nuteh  less  rapidly  than  the  carbonate,  and 
beinjj  comparatively  heavy  mij^'ht  i)c  swept  alonjj  by  some 
stream,  but  deposited  where  th.  velocity  was  checked.  In  this 
wa\'  one  can  see  how  at  intervals  in  the  ore  body  concentrates 
of  almost  pure  pyritic  sand  could  be  bronj,'ht  about,  and  in  these 
concentrates  one  can  well  understaiul  finding'  some  boulders  of 
ore  or  partially  <lecomposed  siderite  and  even  a  little  sand  as 
already  described. 

The  ori>,riii  of  the  pure  white  sand  is  found  in  the  silica  di.s- 
tributed  throuj^li  the  siderite,  which  contains  from  five  to  ten 
per  cent,  of  it,  even  when  tolerably  jMire.  Some  may  have  been 
dissolved  and  removed,  but  most  of  it  probably  remains  in  the 
ore  body. 

The  siderite  also  contains  commouiy  about  two  per  cent,  of 
mau<;anese.  This  is  not  at  all  unusual  in  deposits  of  carbonates 
of  iron,  and  is  the  case  in  other  iron  locations  near  Lake 
Superior.  It  is  to  be  noticed  that  almo.st  no  niauj^'-anese  occurs 
in  the  ore  deposit,  but  as  is  well  known  the  carbonates  of  man- 
ganese behave  somewhat  diiTerentl\-  from  carbonates  of  iron  in 
re<jard  to  solvents.  It  seems  in  this  case  to  have  been  dissolved 
at  the  same  time  as  the  carbonate  of  iron,  but  not  to  have  been 
precipitated  at  the  same  place,  bein-  c;ini.u  inrther  and  so 
becomiusj  dissipated. 

After  the  formation  of  the  ore  body  as  oullnud  al)ovc,  the 
mass  of  siderite  which  formed  the  bo;uidar\-  w.ill  to  the  south 
and  also  the  siliceous  matter  ovcrlyiii:;  the  ore  bodv,  which 
were  left  after  the  leacliiujr  of  the  carlx.nates  from  them,  were 
all  removed  by  erosion.  This  would  k;,vc  a  vallev  almost  one 
hundred  feet  deep  along  the  south  side  of  the  ore  body  between 
it  and  the  grcLii  schists,  wliicli  was  fiikd  at  the  time  of  the 
retreat  of  the  ice  with  ,!L,'-hiciai  debris,  and  aJM)  witii  houiders  of 
ore  and  uudecoinposed  siderite  from  lenses  known  to  exist  in  the 
overhanging  green  schists.  In  the  upper  drifts  se\eral  boulders 
of  ore  resulting  from  the  decomposition   of  siderite  are  found 
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and  mixed  indiscriminately  with  these  are  beds  of  white  sand. 
Pyritic  sands  also  in  these  drifts  are  due  to  concentration. 

In  the  section  accompanying  the  map  of  the  Helen  mine  an 
attempt  has  been  made  to  show  how  the  iron  formation  was 
probably  folded,  two  tronj,'hs  resulting  from  a  double  fold,  the 
limbs  of  wnich  are  so  closely  pressed  that  the  parts  now  remain- 
ing stand  almost  vertical.  The  .southernmost  of  these  troughs 
probably  at  one  time  extended  up  the  steep  hill  near  the  incline 
hoist,  and  many  years  ago  may  have  resembled  .somewhat  the 
southern  finger  shown  on  the  map  as  now  stretching  to  Talbot 
lake.  Krosion  has,  however,  removed  all  the  upper  part,  and 
it  appears  to  be  merely  a  widening  of  the  main  fold.  The 
northern  fold  is  represented  as  deeper,  because  it  is  believed  to 
be  part  of  the  range  which  continues  under  Boyer  lake  to 
Savers  lake  and  Talbot  lake. 

As  will  be  seen  from  this  section,  the  green  schists  form 
under  the  Helen  ore  body  an  imper\ious  basin  which  is  tilted 
about  thirty  degrees  to  the  east.  If  this  interpretation  is  cor- 
rect, it  is  (juite  possible  that  the  ore  body  may  be  found  to 
extend  to  the  east  beneath  the  siderite  outcrops  which  are  found 
on  the  eastern  part  of  the  Helen  claim.  The  section  also  shows 
that  the  southern  fold  has  been  slightly  overturned  and  dips 
about  seventy  degrees  to  the  south.  No  doubt  the  ore  bodv 
will  be  found  to  follow  this  dip  somewhat  to  the  south,  but  it 
does  not  seem  probable  that  it  will  go  to  any  great  depth  in 
this  direction.  The  main  formation  on  the  north  is  also  bot- 
tomed by  the  impervious  basin  of  green  schists,  so  that  in  this 
basin  also  deposits  of  ore  may  occur,  huked  the\  may  have 
existed  where  Boyer  and  Sa\ers  lakes  are  now  fo.i.Hi,  hut  mav 
have  been  largely  carried  away  by  later  erosion. 

Eleanor  A'li/ixrs 

The  four  small  ranges  of  the  iron  formation  occurring  on 
the  trail  from  Wawa  to  Eleanor  lakes  are  so  narrow,  and  so 
little  iron  is  seen  .1  them,  that  they  are  prohablv  entirelv  use- 
less from  an  economic  st.mdpoint.  The  same  is  to  be  said  of 
the   similar   occurrence    of    banded    silica    occurring    on     the 
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Josephine  branch  of  tlie  Aljjoiii.i  Ceiitr.il  Railway  to  the  north 


of  tlie  Helen,  and  tlie  small 


>f  l)an(ie(l  sili 


.Mirreno* 
pyrites  on  the  trail  leading;  to  the  sontluvesl  end  ot  h(N>nskin 
lake  is  also  useless  as  an  irtii  Un-ation.  The  latter  was  ori);in- 
ally  taken  np  as  a  ^joUl  location,  ami  an  atialysis  of  the  pyritons 
material  dins  show  .i  trace  of  >jolil,  hnl  not  in  economic  imoinit. 
Sin\ilar  traces  of  j^oKl  arc  foniul  at  many  points  of  the  iron 
ranjje,  particularly  where  pyritons. 

/hoifi-s  /.iiltr 

The  iron  fonnation  exposed  on  the  north  of  nnH)ks  lake  is 
alwut  two  miles  in  len>,nh,  and  in  places  is  several  hundred  feet 
in  wiilth.  It  consi>ts  of  ferru^jiuous  chert  with  lenses  of 
siderite.  and  is  surrounded  by  Wawa  tufis,  which  in  all  prob- 
ability form  an  impervious  basin  at  its  base  where  ore  may  yet 
be  found. 

The  details  of  the  iron  b.-lt  occurriuj;^  in  the  vicinity  of 
Long  lake  are  shown  on  the  map,  the  narrow  end  of  it, 
extending  from  Long  lake  to  Bauldry  lake,  being  too  small  to 
be  of  any  importance,  but  where  the  belt  widens  out  in  the 
central  jiart  of  Long  lake  it  is  of  sufficient  width  to  have  yielded 
on  concentration  an  ore  bixly,  other  conditions  being  favourable- 
Considerable  stripping  has  been  done  in  this  vicinity,  exposing 
well  the  surface  of  the  iron  range,  which  is  seen  to  consist  of 
ferruginous  chert,  pyritic  grained  silica  and  lenses  of  carbonate. 
One  of  the  latter  on  the  south  shore  near  Leg  lake  is  of  con- 
siderable size  and  of  the  usual  purity,  carn,-ing  about  thiity-five 
to  thirty-eight  per  cent,  of  iron,  (hi  the  hillside  overlooking 
Long  lake  there  is  a  small  cavern  in  the  iron  range,  probably 
due  to  folding,  which  has  been  mentioned  earlier  in  this  jiafx-r. 
Surrounding  the  formation  here  are  the  (iros  Cap  greenstones 
and  Wawa  tufIs,  which  either  singly  or  together  doubtless  form 
an  impcr\ious  basin  at  the  bottom  of  the  belt.  While  no  ore  is 
visible  at  the  surface,  it  is  tjuite  p<j.ssible  that  at  the  bottom  of 
this  belt  ore  dejjosits  may  have  formed. 
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P'lfks  L,ikr 
The  discovery  of  I),)1i1(Kts  of  hematite  on  the  south  shore  of 
Parks  lake  cai  only  be  explained  1)\    assinnin-  that  at  one  time 
there  existed  in  the  bottom  of  the  lake  a  deposit  of  in.n  ore. 
Whether  all  this  was  reiiicned  hy  irlacial  action,  ..r  whetli.  r  the 
deejK-r  part.s  still  remain,  can  only  be  proved  by   diamond  drill 
work.     As  is  already  known,  drill  holes  indicate  that  a  consider- 
able deposit  of  ore  still  lies  at   the  western   end  of  the  lake. 
Westerly  from  Parks  lake  towards  C.octz  lake  there  is  a  consider- 
able  belt   of    the   iron   formation   which   underlies  and   is   sur- 
rounded by  (^.ros  C.ipjjreenstone.     As  the  siderite  is  not  in  larjje 
amount  in  the  formation  her.   it  would  seem  quite  possible  that 
at  the  western  end  test  pits  mij,'ht  reveal  a  body  of  ore.     Hast  of 
Parks  lake  the  range  continues  for  about  two  miles,  and  was 
carefully  examined  as  far  as  Kimball  lake.     In  this  distance  the 
formation  occurs  as  banded   jrrained   silica  with  more  or  lt.ss 
pyrite  and  small  quantities  of  siderite.     The  four  small  patches 
of  iron  ranjje  shown  on  the  map  to  the  north  of  Parks  lake  are 
probabI>    represented  a   little  too  large,  their  exact  distribution 
not  having  been  worked  out.     They  are  so  small  that  they  will 
be  useless  from  an  economic  standpoint. 

Beginning  on  the  west,  the  possible  places  where  ore  may 
exist  are  (^rosCaj),  Sayers  and  Boyer  lake.-.,  just  east  of  the  Helen 
mine,  around  Brooks  lake,  south  of  Long  lake,  just  east  of  G^xrlz 
lake,  in  Parks  lake,  and  between  Parks  and  Kimball  lakes. 
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The  hand  of  rpf>er  and  Lower  Huronian  running  from  the 
mouth  of  Dor^-  river  northeasterly  to  beyond  the  Josephine 
mine  consists  partly  of  ordinary  .sedimentar\-  rock>.  part;-,  of 
ash  rocks  and  agglomerates  or  pyroclastic  .sediments,  and  large- 
ly of  sheared  and  met;anori)hosed  emptives  passing  on  the  one 
hand  imperctptibly  into  the  pyroclastics,  and  on  the  other  into 
eruptives  which  show  no  schistose  structure.  The-*  eriMi-.-es 
are  generrdly   included    in  the  mapping   with    the  .-chi-:'-  and 
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sttlinu'iit.s,  since  well  tlefmeil  bomularii-s  arc  very  li.inl  t«»  draw 
In-tween  them,  and  also  since  tlic\  are  j)ften  intimately  c«>nnected 
in  orijjin  and  character  with  the  adjoinin^j  sdiists.  Thev  in- 
clnde  both  acid  and  basic  rivks,  i|uart/-jH)ri>hyries  and  jHirphv- 
rites.  as  well  as  ^greenstones,  all  jjreatly  nietatnorphosed.  Their 
aj;e  relationships  arc  not  very  certain  though  it  is  probable  that 
most  i>f  them  IkKmik  t"  Hiironian  times,  so  that  the  have 
nnderj;one  all  tlie  si|ucc/.in),\  folding;  and  faulting  of  the  sedi- 
mentary rivks,  and  thns  have  l>een  snbject  to  ^reat  chanj^es  «lne 
to  cnishini:  and  the  circulation  of  water  at  considerable  depths, 
in  >jcncral  IhIow  the  level  of  pla>ticitv. 

Besides  these  more  or  less  certainly  contemporaneous  crup- 
tives  there  are  numerous  others  undoubted  h  later  in  aj^e,  form- 
inj;  dikes  or  bosses  which  |xnietratc  the  schists,  in  manv  cases 
across  the  strike,  and  which  arc  seldom  sheared  or  .-(^ncc/ed  or 
{jreatly  metamorphosed.  Amouj;  them  arc  acid  rocks  such  as 
quartz-porjiliyrite  and  y;ranitc,  and  also  basic  rocks  such  as 
diabase,  diabase  porphvrite  and  picrite.  At  what  date  after  the 
foldiuv;  of  the  Huroni.iu  schists  these  later  rocks  were  erupted 
is  uncertain,  thouvjh  they  are  all  supjKiscd  to  be  of  compara- 
tively ancient  ori>,Mu,  pre-Cambrian  or  Cambrian.  The, later 
eruptives  are  often  fairly  fresh  and  furnish  sa'isfactorv  materials 
for  study,  while  the  earlier  ones  are  in  general  verv  unsatis- 
factory, the  whole  of  the  ori'.^inal  minerals  often  having  been 
replaced  by  secondar>'  Tuiner.ils. 

/"//;'   .hti/   I\ruf>ti: IS 

The  acid  eruptives  iuclude  various  types  of  iiranite.  quartz - 
porphyry,  <iuartz-purphyrite  and  felsite.  beloni,Mn<j  to  the  .tjroup 
of  alkali-fe!dsp;^r-<l^.^rt/  rocks,  and  quartzless  porphyr>-  of  the 
alkali-feldspar  rocks  without  ijuartz.  The  ^anites  ])roper 
belonjj;  mainly  or  aUoj^ether  to  tlie  I.aurenti.iu,  even  the  rare, 
isolated  bosses  of  <rranitc  in  the  Unronian  haviu},'  j^eiKrally  a 
thoroughly  Laurcntian  .ipjK-arance.  and  they  merge  into  the 
schistose  variety  of  guei.vs.  Not  much  attention  was  ])ai<l  to 
the  Laurcntian  rocks  and  c..nii)aratively  few  thin  .«.etlions  of 
them  have  been  studied,  b\u  in  general  they  .ire  flesh-coloured 
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hiiiti!  lilliii)^  III  tlti-  ^p.uiH  I'l'XMiii.  Till'  iiuy;.iHtiipir 
ililu's.iiiiiii.i  I'l'  tjti.n!-  I'l.'M-  mull!  tlii- ini»r,iMiijH'  tn  h.ivi-  Im'h 
oiuhIiiiI  III  ri'.in.mm-il  .mil  ili>  iini  .i|>|H.Mt  .it  >iii>;l«.'  iiiilividii.iN. 
'PIk  lVltU]'.ii>  .iM' (|tiiti  i.ii>;i!\  »iii,iini,  with  \ir>  mii.i1!  isiiiu- 
titMi  .ii!;;!i->.  I Av'ipt  Kill-  i-i\>t.i!  \\lii',-li  ii.iN  .111  .iii).;lc  »>!'  i  )  ili>;Uis 
I'li'iii  !lii-  twin  pI.iiK-.  »ui;);f»tiiij.;  .1  N.iiiilN  liki'  .iii(U->ini-.  .\ll  tin- 
l\iii«i>.it«  .lU-  ir.i'ti-  oi  ',i^»  tiiiliitl  .nul  I'Mil.iiii  iiium'dv  itf  mmIo  mi 
i.'n«t.i'.«.  Tluri  is  ii.<  ikliniti  i;i>>iitul  iii.i>o  iiuli»iiiL;  tiuiii  .is  in 
trui  iiu.ii;  ivM  I  !i\  tii»,  >(>  ill. it  thi^  ii>ik  iini>t  l>i-  i-.illril  j;i.iiiiti' 
[Hir]>li\i\.  hi  riMli:\  it  I'.'iius  111.11  to  hiiii-  p.iiiitlioiiinipliir  in 
till  oni^i:'.  .'.  >on>i'  oi  tli.it  wonl.  .<iiu'i-  .iliiio>t  .ill  of  llu-  loiii- 
pMii'mx  »ho\\  in>!i-  or  ii>-  i<i  tluir  iTnsi.iI  t'onii. 

Tlu  11',!  ill  -]io!i>liMii.'-  \.n\  iiiui'li  ill  .ippiMr.nu'i-,  soiiirhcimi 
t'ii«'!i-v'o'i>iiri.il.  otlu!-  p.ilc  ;;!i.iiiis!i  m  •.;i.i\,  .uul  still  othiis 
piirj^lish  ^r.i\  ;  .nul  .ilso  in  tcMiiii'.  soim-  li.i\  in;^  l.Uiji'  well 
I"r;iii..;  piuM.'i; \  st>  of  i|',i  nt,  .nul  fi  UUp.ii.  whili-  in  otlurs  tlio 
]>!ii-tuv;\  st>  iv  iiIi>o'ai\-  ,\iul  the  inck  riMinhlrs  felsiti' ,i.s  m-'cii  in 
the  tiiM  'I'li.'si  wliiili  .III- .ws,.i-i.itt.il  with  tlu-  Lowi-r  Huroni.in 
■ii'h;st>  wf  till  W.iwi  lorin.ition  .iii'  '.isii.iUv  ;^ii-.u!\  wiMtlicroii.  so 
that  of-.^n  .'iiiN  the  i-iou>l\  oathiKs  of  ilu-  fclilsp.irsaiul  tlu-  ck-.ir 
sp.k'is  of  tlu-  (jiiirt/  iTyvi.ils  n-.n.ii;'.  to  show  the  character  of  the 
r^vK.  Wlu-re  the  feiilsj^.crs  !!>-  '-'s^  conip'>-teK  weithend  thc\' 
incliuie  h..;'a  ortllocl.ise  .Ulii  lil.lw;;<'cl.lse,  ottell  111  eijll.Ti  .(lllolillts 
or  with  th.e  p'!ai;iix."la>e  exceediiii;  the  orthoclase  in  .iniount ;  the 
look  s!!.i',;!<l  then  projurly  he  cilk-d  iji:,irt/-porph\  rite.  The  two 
N.irie'.ies  .i:e.  !i.i\ve\er.  s,>  e'osi-Is-  .liike  in  oiiKr  resjiects  .iiul  s,. 
i'.uiin  it-/.%-  e-nnecteil  i:;  :kKi  re!.r.iiin>  .i.s  t"  iii.ike  it  iliiricult  to 
<I;  iw  ,1  sh.ir]>  line  between  tiieiii.  Thill  -v^'tidK  of  the  darker 
1  .'riilr.ries  contain  h'lnilik-iide  ^r  bi.itii',.  tiie  l.uter  ii'  porjihyri- 
tic  ir'.st.iU  ir.  >  '.;e  ci-e.  ,ir.«l  I'vriie  i^  a  freij-aeiit  .icte.-<-.ory  inin- 
erai.  Tl'.e  ;..;:' >r.!id  n!..s>  i>  >;i.neral!y  inicr'',:^'r.initic  r.ither  than 
feisitie.  ':■•■.{  ;-  .i!w.i\s  in  (kiinite  cniri-t  with  the  phenocry.-^ts. 
which  ;re  in.iiiv  time-  Iars;er  th.in  the  •juart/  .nid  felds])ar  of  the 
j.jroi;nii. 

SoiiK  ..f  the  sjiecitneii-  disji'.ay  no  traces  of  she.irin;,',  hut  ino«t 
h  i\-e  s-,;nered  in  thi-  w.c,-  avA  ^b.<>w  st  !;;e.-  i].>j.iro.ichiii.ij  the  seri- 
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crystals  oceur  also.  The  ;rround  mass  i>  reddish  and  f<  Iviti, 
rather  lu.n  mKroKranitic.  ,ind  eontain,  a  second  ^tneration  of 
tniy  p,,r5.hvntic  crvstal.  mainly  of  p!a;,ioclaM .  There  is  some 
unaouhtec  tjiiartz  in  tlie  -round  mass. 

The  otiK-r  dikes,  ne  .r  tlic  s!,ore  southeast  of  tlie  ko-'e  mass 
'-  KreeT„t.me  .„  Michipieoten  harh.^ur,  are  more  ev:denth  por- 
ph>nt!c.  t.en!g  crowded  with  feldspar  phe,:o<  rv.is  ir,  -o  -. 
quaner  01  an  i-h  in  diameter.     T!ie  rock  a«  a  whoje  !n-;-;r  .t 
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first  be  taken  for  a  syenite  until  it  is  noticed  that  tlu  feldspars 
have  crystal  forms.  The  colonr  on  fresh  snrfaces  is  speckled 
jjray.  Under  the  microscope  the  plK-n()cr>sts  are  found  to  be 
prcdomini.ntly  plajrioclase  with  lo>v  extinction  ani^les,  not  far 
from  olijroclase,  but  some  of  the  crystals  show  no  striations. 
The  sfronnd  mass  is  distinctly  <,'ranitic  with  comparatively  larjje 
^Taiiis  of  qnartz,  feldspar  ind  biolite.  About  one  half  of  the 
rock  consists  of  badly  weathered  phenocrvsts  of  p]a,ir''>clase,  h:'t 
with  no  su^fjrestion  of  she:;rin<;  or  of  strain  in  their  seci'ons.  It 
is  doubtful  if  this  rock  should  be  called  a  (juart/.iess  por])hyry, 
since  (juartz  forms  an  important  part  of  it,  thon.<,di  only  seen 
with  the  microscope.  The  name  feldspar-])()rphyrv  or  ])or- 
phyrite  mi^ht  be  more  appropriate,  thus  suj^i^vstin;;  the  most 
strikinjr  feature,  the  phi  iiocrvsts. 


t 


/!iisic  I'.niplirrs 

Hasic  eru])tives  in  the  form  of  irrecustones  rover  i arj^e  areas 
in  the  Michii)icoten  re;^ion,  especially  south  of  the  Upper 
Huronian  couf^^loinerate  on  (irus  Caj)  and  tin-  sliorc  betw<ei' 
Michij)ic')tcn  harbour  and  the  river.  There  are  also  lartje  out- 
crops of  the  rock  on  the  shores  of  Wawa  lake.  They  arc 
nsuallydarkfjreenand  fine-drained,  ,iud  o'^teu  have  theelllps-idal 
structure  sup])()sed  to  iiulieate  lava  flows,  the  latter  v.iviety  beinjj 
well  displayed  just  west  of  the  docks  near  Miehipicoten  harbour. 
Unfortunately  these  older  >jreeusto-.ies,  so  far  as  e\  imined,  have 
almost  completely  lost  their  ori-^nual  miner,! K,  .--..  that  it  is  r.ot 
easy  to  decide  their  e.xael  character,  tlioui^di  thex  ire  assv.med 
to  have  been  di.d)ases.  Owini;  to  tlu-  fact  tiiat  llie\  are  so 
fjreatly  we.ithered  little  niicrosco])ic  work  has  been  done  upon 
them.  The  name  L;reenstoue  as  -ed  in  this  paper  is  limited  to 
these  threat  1\-  weathered  basic  eiuptives,  tlm^e  wliost-  orioinal 
composition  is  still  distinct  bein^  t.iken  u])  under  >ep,!r  ile  names, 
diabase,  etc. 

The  greenstone  south  of  the  railway  near  Michipicoten 
harbour  shows  under  the  mieroscoi)e  mainly  chlorite  uui  epidote 
in  forms  v.iguely   su<,'^H.stiuj,r   phij^ioclase  strijvv      A  few  clear 
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.-J  that  the  rock  see,„s  to  have  been  c,unrtz-c!ial,a.se. 

Another  area,  between  (iros  Cap  and   Dore  river,   has  so„,e 
;o,;::';,t       ff""^"'"'  "''•^•'^'"-  "-'-the  microscope  a 

-  iilv  ^^  J    defined   ,,r,Mns,    chlorite   and   Iatl,shaped   sanssnritic 
a-...-.s  ..vHi.„tly  once  ph.,rioclase.     The  hornblende  is  proh.  M v 

the  cen  ral  parts  ol  the  crystal.     Quart,  occnrs  in  sn.all  an,onnts 
par    V  ,nterst,t.al  and  partlv  as  nncn.pe.n.atite.     There  :;Z: 

us  t  ct,  wuh  ,he  presence  of  sn,all  cp.antities  of  qnartz,  snj,f,ests 
thatU,,,.„^„,,.   ,.,,,  belonged  to  the   less   ba'e    variet^   of 

^  c.ars.-textnred  rock  fron,  a  boss  rising  near  the  railway 
tl.-uj,h  a  sand  plan,  east  of  the  n.ain  con,don,erate  n>ass  shows 
a  sn,a  1  a„,onnt  o  c,nartz  in  still  more  n.arked  pc.nnatitic  inter^ 
Rnnvth,  bnt  the  chan-^c  of  the  other  minerals  ha.:,.,ne  farther 
so  hat  on  y  chlorite  and  a  carbonate,  probablv  .loloaiite,  can  be- 
cl.st,n,,nshe.l.  Another  coarse-.^rained  one  fron,  ....r-h  of  th  • 
H.a.n  com,l..n.erate  area  is  a  weathered  an.lesine  ^abbro,  with 
an-jite  ehan-ed  to  hornblende. 

IM  m.nk.a   cntnst    with    the   greenstones    we   find    varions 
dik.s  and  bosse>  nl  d.abase  of  later  a,;e  still  fairlv  fresh       Thev 
ared^u-k^rav   or  greenish   „.,y  an.l    nM.ally    fine-.ran,ed,  bm 
olten  .n,.aly  porphvntie,    with   plate-like   pla-^rioclases  an    inch 
o..,^  and  more  than   half  .,s  wide,  bnt  onlv  a  tenth   of  an    inch 
nek.       llK.vc.nMst  of   pl:,,-i„Hase   laths   with  ^ravish   an^ite 
Nvol^.-l  between  and  cons^k-rable  anionnts  of   n>a,netite,  often 
rou-hke  ,n  !orn>.  the  whole  h.u-in.,.  a  n.arked  ophitie  strnctnre 
I  he  one  o!  coarsest  textnre  containin^^  the  hn-e  phcnocrvstshas 
plaj,Mocla.se  u.th  an  extinction  anoR.  fn.n.   the  twin   plane  n(  ,  ", 
io  2^  decrees.  ><.  that  the  species  seen.s  to  be  andesine  or  labr^ 
donte.      I  he  absence  of  cp.artz  .u,d  the  presence  of  lar.v  cn.an- 
t.ties  ol   n.a:^n,et,te  show   that   these  later  diabases  and  diabase 
porphvntes   ..re  distinctlv   more   basic    than    the    older  .^reen 
stones.  '^ 
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A  s'.ill  iiKirr  liiisif  si'iii,'--  "f  in  ks  i-.  oxposi"!  :i-^  \\\<'..  >.i!;vs  nr 
l)i)SS(.-s  ini  isl. Hills  in  L.iki.'  I.li.iiuiv  .iiul  1  iiK't/  uiki'.  .i>  will  .is  uii 
till.'  <li<iU'  of  tlu-  latK-;  l.ikf.  '!'lu:.;'  rocks  arc  ;^i-ot.i!  Mack  on 
fresh  snif.iccs,  hiil  wimiIut  1>:. iwiiish  or  i^r.r  -.^rc  ■;!,  aiid  arc 
inarki'd  1)\  a  \i.r\  roii;;li  surface  wIhtc  wcatlicrcd.  Tlicv  arc 
c|iiitc  coai>c-i;;aiiic(l  aiu!  show  wide  sliiniiij;  s;irfav\  ^  (>f  Iili  lile 
wluii  bickcii. 

The  frisiic^l  si'ciioiis,  which  coiuc  fruiii  i-'ar.ii.-.  in  (i.  clz 
:akc,  consi>l  csscnliaII^  of  o'ii\;iU'  aiul  a.aj^itc  with  a  few  lar;_je 
iiKli\  iilaa'.>  of  hioliic  aisii  a  liuie  v.hil-c  lurhi.l  liia'evial  1  >.t\\',  en 
tile  ollur  niiiiera!>,  perhaps  ori<^inall\  pki;4ioelas>..  The  oii\iae 
is  idiv)iiiorphic  aiul  the  aaLMle  lars;el\'  so,  aiul  th.e  hvown  hiotile 
is  more  or  less  lil'.ed,  p  .ec;liliea!l\ ,  with  o!i\ii!c  crvstals.  'I'ae 
olixiiie  has  a  narrow  rim  of  hr!y;!r.  i^reeii  si.  ip^-atiiU',  and  a  ■^uk\ 
d-^\i\  of  serp. 'aline  anil  nia^T;ct'le  alon,^-  fracl'ari.'s  in  the  interior. 
In  a  MClioii  from  l.ake  i-jeaiiia'  tlie  wliolv-  of  the  olivine  lias 
bi-eii  chan:;ed  to  si.apeiitine,  in  which  are  indieddiil  crvstals  or 
j;!.iins  of  ar.,L,iti-  and  a  little  hii^lite.  The  conipiositioii  of  this 
rock  corresponds  to  tiiat  of  a  picrile,  ihons^ii  the  <  iernians 
woiiKl  p;oi)ahi\-  call  it  pakc'ipicrite. 

A  liuwhat  related  rock  is  fonnii  .ii  the  .second  falls  of 
.Ma,i;])ie  ri\er,  not  far  from  a  lu)ss  of  porphyrilic  i;ranite  whicli 
has  heen  licscrilicd  on  a  former  pa.i^e.  The  rock  is  apparently  a 
ilike.  In- .wni~h  lilack  with  mai;\-  small  scales  i.f  kiotite  on  fivsli 
surfaces,  an  I  e  ■■a-ist.-'  of  hiotite,  oIi\ii"ie,  au^ite,  niai;iielile  and 
caleilc.  'i'he  knnvii  hiotite  is  not  ]ioecilitic,  an<l  forms  more  or 
less  c.iiuplete  crystals  lie'.ween  the  lar<:;-er  cr\>lai'  of  olixine,  the 
kitter  often  weath.ered  lo  serpentine.  The  ,iu,:;;'.e,  wl'.icli  is  not 
in  \er\  kn;_;e  amount-,  forms  r.ither  kaij;  ]ir;-r:s,  with  a  ten- 
dency to  radiate:  am;  the  m.i;_;iietite  is  in  lar^'c  s.pi.ire  cross 
section--.  The  calcite  or  doloniite  tilling-  the  interstices  is  no 
d<  iikt  a  deeompisiticii  ])rn(luct,  perk.a.ps  repr-.^entiuL;  small 
(juaiuities  1  f  a  ca.ka'plete  ]ila<^ioclase.  'I'his  \-er\"  ka^ic  -ock  mav 
perli.aii-  oe  called  .i  liintite  ])icrite,  thoti<(li  it  h.i>  relatioiisliips 
I  ■  i;:e  niinettes  also. 

.  liiif  ///iri'fi.'i;//  .S',. ///a/.v  (  U\tU(1   Tllj}>\ 

The  schistos'.-  rock>  of  the  Ilurouian  in;r.'  I.e  ili\  filed  into 
,icid  N'.trieties  C' irrespiaulin;;  to  the  (pi.irt/-])(<r]ili\Ties,  and   basic 


will    l)f  KlVrtcd   til   !ii>i. 
l)l!iisii   (.r  yflliiwish   .,.r;p 
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schists  I,;,vi„.;  .  co„ip,;siii.,„  iju,  the  oRcnst-no  and  ..th.-r  !  .sic 
..K.»m-  rncks.     Thcv  hclon^  vuiuW  to  the  Lower  Huronian 
thou;^h  vu-v  .M.niar  >chi.l.,sc  rocks    ronlt   fro,„  tl,.  >hcarin<.  of 
tlu-    (  i'l-cr    llnroni,,,    con;:!o:,Kr,:U-.     Av.um^    the    nn.rc    ^id 
rocks,  those  res.dtin;;  fro,.,  th.  sh...nin;L,  .nd  „HHl,llc.,ti..n  „,  the 

!l''n"r"'"''''''''''r."''J""'''''''''^"  ''''■  "'"^l   ^^i^l^l^-   ^P'-^Hl,  and 

In   c.,;,,ur  llicv  arc  i-ale  .<,'-reenish   or 
.        -^'1  -:v:Hlati:,iis  occ,;r  froiM  \;,rieties 
havn,;^  slightly  crushed   ,.hen.cr,  .ts  of   .,„,,n.   auci   felds.  .r   to 
fcls.tc  or  ser.cue  schists,  i.  ^vhi.!.  ti:e  -,;Kczi:u;  !ias  ocuk':.,,  far 
a->    to  destroy  or  rearrange   .;i   the   ori;,i,K,I    .ninerais.      i„   the 
less  .nochhed  schi.ts.  .,uart.,  orthnclase.  ],ia.ioch,se  an.;   s.ricite 
may    he    reo.^i.ed  ;     hni    l.v    pr.,;,ressive    step,    the    ,r,:„nk.r 
nimerais  disappear  and  a  niierM;rra„itic  or  felsitic  mass  of  ..-nrtz 
tc  (Ispar  and   seruile  resnlts,  ^.  k],  ,1,,  development  of  a  ni.-kcd 
schistose  structure.    (  )!ien  fresldv  ,lep„sited  vevv  Uu.l.      :...,.',,■ 
'luaitx    and    .sericite     uiake     liie    hulk    <f    the'  m,, re    s"  >„..,.,. 
varieties;    ,.ud    near    the    in,n     ran,.,    rhond.s    of    sidel'i^e^.r 
aukente  ai^j.ear  also,  showing  that  thuv  !,as  heen  inliltn.ti.a,  of 
sihca   and   nvn   onnpounds,  resnhin,- linallv  at  the  ed-e  ,  '    'he 
.ron    ran,:v   in    si.leviti.;    serieiu-   sJ.ists  or  ^  schistose   variet^'.,! 
sidente. 

Ah.n-  Nvith  tlie  ciinn-s  n;.utioned  some  other  n  n.rds 
show  themselves  oecasi,.„:dly.  such  as  tonnnaline,  which  o-cn',s 
a.  numerun.  tiuv  prisms  in  .piariv-porphvrv  schist  south  .,r  the 
Helen  nnne  ;  or  r.ale,  a,  in  a  sericite  .elii-t  fr^.n  the  railw  n- 
c-Utt,n;r  .lUst  west  of  Say.rs  :ake.  In  the  latf.'-  ease  ti>e  nuiie 
>s  chlelly  Ml  thick  hundles  .,f  very  tiny  UeedL-,.  though  so„,e 
crystals  show  arr"wliea<l  or  knee-shap.ed  twins. 

rise  m,.st  i,eculiar  variety  of  tiie  siliceotrs  .sericite  schists  ;. 
Ota  concretiouary  hal.ii.  best  shouu  at  the  weste,;-  corner  o, 
Lake  Wawa,  where  clilTs  of  the  rock  were  taken  .,t  first  for  eon- 
j,domcrates.  The  concretions  are  from  the  sixe  of  ,a  pea  to 
pchhle-like  ,.val  mass^.  ,noro  than  an  inch  in  len-th.  'yIkv 
show  hest  on  wc.thered  surf-es,  and  tlien  are  often  holl...  i„ 
tiie  nnddle  with  a  rusty  inn  r  surface. 
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..•Ml 


Thill  sections  slunv  iDtiiuic-d   missis  cf  clialcctloiiv  witliotil 
r.uli:il  arran>;ciiicm,   hiil   ur'tiMi  i-uiitaiiiiiij^   sonic  sidcritc   in   tlic 

ij,Mncnt  of  feldspar,  cspc- 
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iiterstratificd   with   the 


lia 

Th» 


sic  Sihislose  Rocks  (  (hos  C,i/>  (hccnsloncs  in  p„rt) 
TO  are  transitions  lietween  the  acid  and  basic  schists 


wh.cli  senc.te  ,.s  lart;eiy  re,  'aced  l,v  chlorite,  and   the  qnart/ 
grains  or  clialcedonicaj-jrrejratos  (H.ninisii  in  amount,  while  car- 
bonates become  more  frequent  ;  but  these  are   not  extensivelv 
developed  and  will  not  be  further  described.     The  -  rcen  schists 
are  partly  associated  with  the  massive,,,.ree;- stones  and  partly  inter- 
bedded  with  the  li-hter  coloured  acid  M-liists.    They  are  nsuallv 
very  fine-Krai.,ed  and  <lislinctly  schi>,„>e,  and  have  a  monotonous 
uniformity    of   dull    j^reeii.     Under  the  microscope  chlorite  is 
ininersally  found  with  a  finely  -rauular  colourles.  material   be- 
tween, 111   some  cases   partlv  silica   but   more  commouiv  pla-io- 
clase  or  Us  decomposition  products.      I^pidote  is  al wavs'  present 
and  well-formed  rhombs  of  a  carbonate  which  weathers  brown' 
ankente  or  siderite,  are  usually  to  be  seen  ;  while  ma-uetite  and' 
rutile  are  not  infre.pient.      I5y  an   increa.se   in   the  amount  of  the 
carbonate  we  ha\e  dilorite-ankerite  or  chlorite-dolomiie  schist., 
which   weather  brown  but  do  not  form  criLsts  of  limouiie  ■  and' 
chlorite-sidente  >chists,   which   are  often   chau-ed    for  an   inch 
from  the  surface  into  impure  brown  iron  ore.     Several  coar.se- 
Rraiued  examples  of  the  la>t  n^ck  are  found  s<,utli  of  the  Helen 
mine.      The>-  can  hardiv  result  from  the  direct  rearrau-ement  of 
any  ordinary  -reenstoiie  or  volcanic  ash,  and  are  perhaps  to  be 
connected   in  ori.-iu  with    the   rocks  of  the   iron    rr-n-e,  as  sedi- 
ments „f  a  chemical  nature.    Tluv  form  transitions  between  the 
sidente  of  the  iron   rau-e   au<]  the  ordinary  chlorite  schists,  just 
as  certain  .sericite  .>cliisu  rich  in  si.krite  ccmuect  the  acid  .series 
of  scliKls  with  the  iron-bj  iriuL^r  rocks. 

There  are  cases  where  the  chlorite-dolomite  schi^^ts  include 
also  lar^re  amour.ts  of  biotite.  f.irmiu-  a  transition  to  ...  ,tite-^lo. 
lomite  schist,  which  occurs  south-we.st  of  Uauldrv  lake  ::^  a 
coarse-grained  r<.ck  with  a  brown  pitted  surface,  liavino  the  ap- 
pearance of  a  .t;ra\  ,t,nieiss  when  fresh. 

Here  may  be  mentioned  aI>o  the  verv  cleavable  .tjreen  schist 
occurnn-    north   of    the    main    Upper  Huronian  conglomerate 
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.irtM  in  tlic  Laurcntian  -laiiitv.   ippaniitlv  a   it-ii-  najTow  strip 
of  the  lliironian  tloato!  olT  in  tin-  (.•rni)tion  of  the  i^ranilc,    i'n.ni 
its  Instrons  j^uvn  cleaNas^e  mii faces  or,o  would  naturalK  c.i;  the 
n)ck  a  tniea  schist  or   niioa-clilorite  sclii>l,   !)i:t   t!ie  niieroseopo 
sliows    essentiallv    hiotitc    ami   aetinolite.      Tlii-   illustrates  the 
same  relaiionslnps  as  were  noted  \,\   Dr.  I.awscm  in  tlie  Keewatin 
re.inoi!  if  Uainv  lake,  where  i,^reen  chu<rite  sclii>ls  al    a  distance 
from    the    I.aurentian    contact    Income    harder    ii   rnhlende     or 
liornhleiule-miea  schists  in  ininiediite  contact  with  tlu-  .i;iieis>,  in 
l)oth  casi->  cviileac-  of  the  cruptiw  -.h.wiw  ..f  I,a;iie!itian -gneiss. 
(  P/'ir   1  iuioiihxn    (,rt,fi  .S<insts 
Tiiv  ;^recn  schists  tints  far  s})oke:i  of  heiouj,'  p:,  hahU   to  the 
i.ower  Unronian,  most  of  tiicm  hein.v;  associated  with  thcpiartz 
pori>h\  ry  schists  ai:d   -recuMones.     There  are.  however,  nunier- 
ous -reen  >cl!i,ts  iiitc!i)edded   with   the    rp;.er    !  Inronian  sclii-t 
con-IonKrate,  some  of  them  no  doui)t  p.irts  of  the  eonoloincrate 
ori-inally   fr.e  from   lary^e   pehl)le-i,  others  periian-,  parts  which 
h.i\c  been  so  far  s(|nee/cd  tliat   tlie  soft  ;4reensloiie  pehhles  have 
1  ,en  roiled  out   Hat  and   inee.porateil  with   t!ie  matrix  as  a  mii. 
f.  rm  scliist.  Some  of  them  may  represent  liasie  iHkes  turned  into 
sc!ii>t  andM.  far  rearran.i^ed  as  to  destroy  all  traces  of  tlieir  origi- 
nal constilnents.  In  many  cases  tiiesc  schists  are  closelv  like  those 
wiiich  have  heen  described  from  the  Lower  Hurunian.  an^l  \\^xi.\ 
not  i).-  t.d<cn  np  in  detail. 

In  ,i;enera!  tirv  chlorite  schists  contain  some  tlnelv  tiranular 
silica  anil  doloiiiite  :  often  also  more  or  less  biotite.  Trjurma- 
line  needles  were  found  in  one.  Others  of  the  i^reen  .schists 
have  been  more  stron.o;ly  acted  on  and  are  now  hornblende 
schist,  examples  of  the  kind  havin.y;  been  obtained  from  the  tote 
road  between  .Michipicoten  harbour  and  Dure  hike,  and  also  at 
the  second  falls  <,f  the  DorO  river.  They  are  hard  dark-<,^reen 
tine-;.,Mained  rocks  consi-linj^r  chiefly  of  hornblende  prisms  liavitig 
strong'  pieochroism,  (blne--reen.  jrreen  and  yellowish  l)rown) 
with  a  little  qmirtz  and  ])la;;ioclase  in  the  interstices. 

liUauoi-  Slates 
The  chlorite  scliists  as    well    as   the   feisite   schists    pass   by 
wav    of    certain   lustrous    eleav.able   phvllites    into    slatv    rocks 
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coiisuk-rahlf  interest  wlicn  studied  witli  tlie  inicmscopc.  Four 
sjx-cifs  of  rock  in;iv  hv  distin^jiiislicd  in  the  iron  ranj^e  of 
Micliipicoten,  I)andt.l  jjrantdar  silica  with  more  or  f.-ss  iron  ore, 
black  slate,  siderite  witii  varyini;  amounts  of  s'lica,  and  Rrncn- 
crite  schist.  All  are  found  well  developed  at  the  Helen  mine, 
and  all  hut  the  ;;ruenerite  schist  have  been  foimd  in  the  Lake 
Eleanor  iron  ranye  also,  while  jjraiuilar  silica  and  siderite  occur 
in  Iar<,'e  ((uantities  in  every  imiiortant  jiart  of  the  ran^r^,  thou>,di 
small  oulcrnps  soinetinus  show  tlie  silica  alone. 

The  name  ;,'rann!ar  silic.i  or  grained  silica  has  been  chosen 
as  most  descriptive  for  tlie  siliceous  rock  of  the  Michipicotcn 
ran;,a.,  thouijh  varieties  occur  which  are  not  <;raindar  to  the 
naked  eye.  Jaspery  varieties  h.ive  not  been  foimd  on  this  ran<re 
thouj,di  they  occur  onlv  a  few  miles  to  the  north,  and  are  com- 
mon in  most  other  iron  rau<,'es  in  Ciuada  and  in  the  Tuited 
States.  TIk-  name  ja-piiyte  used  l)y  the  .\merican  -eoloj^ists 
Seems  iuapi)n>priale  therefore. 

.\t  lirst  tile  ,;;raine(l  silica  was  looked  on  a.s  a  fiue-i^'-rained 
sandstone,  since  many  exanijiles  are  soft  and  pulverulent,  but  a 
microscopic  examination  jiroved  that  tlie  grains  are  not  at  all 
waterworn.  The  rock  is  Usu.dly  liuelv- banded,  wliile  and  litjht 
or  dark  ^ray,  but  is  occasionally  brown  or  pnrjilish,  the  colour 
in  every  case  bein;^  due  to  the  presence  of  iron  oxide--.  Much  of 
tile  banded  rock  !i.i>  been  crushed  and  now  forms  a  breccia,  often 
with  tine-'^raiucd  silica  as  a  matrix,  but  sometimes  witii  a 
C(  nieiil  of  siderite.  In  e\eiily  l),uidc(i,  unl)recci,ited  parts 
iheie  :iw  often  leii-is  one  or  Uv o  inches  louL,^  of  white  or  paler 
ffviiy  silica  r;iniiiii,<,r  ;)arallel  to  the  ^^eiieral  stratification. 

Tiiin  Necti..iis  show  ihat  the  wiiite,  su<,r;iry  specimens  of 
.s.,Miaular  silic.i  consist  o!'  ipiartz  onI\-,  jjolyhedral  -;r.iiiis  clo.sc- 
ly  fittiu;,^  toq-ttlier,  but  not  apparently  cemented,  since  the  j.ir- 
riui,-  of  the  -^rrindino^  of  the  .section  has  often  sli.,ditly  parted  tliem 
so  that  a  film  of  air  scp.irates  the  adjoining,'  faces.  The  (lU.irtx 
shows  few  inclusions  and  no  cavities,  but  coloured  specimens 
have  films  of  yelhAv  liiuonite  between  the-,rrains  or  small  nias.ses 
of  limonite  in  streaks  ;  wliile  -^Tiiy  specimens  contain  innumer- 
able small  black  specks,  ])robably  of  majruetite,  though  tlie  rock 
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is  not  strongly  attracU-d  hv  (la-  nia^jnot.  The  black  particles 
arc  Ml  jreiieral  too  fine  to  sipnate  from  the  silica.  Xouc  ,,f  the 
sections  have  cryptocrystalliiic silica,  but  always  distiiicllv  j,rran. 
ular  material,  the  j^^raiiis  j,renerally  of  fairly  uniform  si/c  in  anv 
Kiven  band  of  rock,  thon^rl,  sometime  coarser  -rains  f„rm  a  row 
across  a  section,  probably  fillinjr  fissures  in  a  vein-like  wav. 

Some  of  the  brownish  examples  C(mtain  mauv  rhombs  of 
sulente,  iiKlicatinji;  a  transiii.m  towards  the  ..thcv  usual  iron 
range  n.ck  in  the  re^,rion.  The  si/i-  ..f  the  ;^r,,,i„.s  j,,  t]„.  sections 
examined  runs  from  half  a  millimetre  in  coarse-textured  examples 
at  r.ros  Cap  down  to  i.s  thnusamlths  ,:  a  millinRtre  in  a  smv 
what  cherty  specimen  from  Savers  lakc  ;  but  a  verv  simil  .r 
granular  silica  from  the  ('.race  gold  mine  snutli  ,,f  Wawa  lake  i.-, 
laru-er  in  <,'rain  than  the  coarsest  found  iii  the  in.n  r an-e  proper, 
bavin;,'  diameters  up  to  1  '^    millimetres. 

The  ori,i,Mu  „f  these  curious  rocks  is  >..iiKwhat  pu/.ziiuK^ 
suice  their  -rauular  structure  is  not  due  to  the  crushinj,--  of  pre- 
viously existiu-  quartz.  There  is  no  hint  of  water-worn  -rains 
en' ar-ed  by  deposition  of  .silica  on  their  surfaces  uiilil  vliey  met, 
as  in  quartzitesof  the  I'pper  llurouian  near  Lake  Huron  ;  and 
one  must  suppose  that  crystallizatio:i  has  taken  place  from  centres 
about  equally  distant  from  one  another.  How  were  the  partial- 
ly formed  -rains  or  crv.stals  .supported?  In  a  thick  jelly  of 
anu^rphous  silica  which  became  cry.stallized  about  these  centres 
until  it  was  eiilireiy  u.sed  up?  .\s  amorphous  silica  is  li-hter 
than  the  cry.stalliiie  form  one  would  expect  the  incipient  -grains 
or  cry.>-:tals  to  sink  to  the  bottom. 

Apparently  the  process  in  these  relalivelv  co.ir.se-textured 
varieties  of  silica  is  not  difTerent  in  kind  from  th::  which  pro- 
duced the  more  fine--rained  forms  .jasper  and  chert,  .seen  in 
nei-hbouriuff  iron  ran-cs.  It  may  be  mentioned  lure,  however, 
that  none  of  the  thin  .sections  prepared  from  jaspers  or  chert.s 
of  the  Lower  Hiironian  in  other  parts  of  Ontario  show  radialin- 
or  concretionary  or  typically  cryptocrystalliue  cliaraciers.  They 
are  at  most  microcrystalline,  while  sections  of  .\nimikie  chert 
and  ja.sper  from  the  Fort  .\rthur  re-i<m  on  the  other  h.nid  have 
these  characters  well  defined. 
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Tlif  black.  },'r;ipliitf  >Iatf.  forming'  a  tliin  slic-cl  just  umkr 
llif  in.n  raiijrc  proper  wi-sl  of  llu-  Ik-ltii  iiiim-  and  at  other 
jM)iiUs  in  the  re.t,Hoii,  seems  closely  related  to  the  ^rraiiiilar  silica, 
h-yuiii  ooiii]).,se(l  of  the  .same  material  with  a  l..rj,'e  admixture  of 
carbon  which  s-nears  tile  fin^jers.  The  ^jraiiis  of  silica  are, 
however,  much  more  variable  in  size  than  in  the  rock  described 
aliovc.  As  the  carbon  is  opaijue,  thin  sections  are  unsatisfac- 
tory. The  slate  j^a-herally  contains  rounded  masses  of  crystals 
of  pyrite.  which  weather  out,  le.iviu^'  curious  cavities,  lookin;r 
like  bnl)!)lc  lioles,  lined  with  a  thin  white  layer  t>f  (piartz.  more 
coarsely  crystalline  tiian  usual  in  the  rest  of  the  .slate.  The 
carbon  of  the  slate  su.ijj^'ests  or^^-iiiic  material  and  the  presence 
of  life  in  the  se.i  ;U  the  time  the  iron-beariujr  material  was  dc- 
posite<l,  but  p.Th.ips  too  mticli  stress  should  not  be  laid  cm  this 
{MiiiU,  since  h anlK  any  other  evidence  of  livinj,'  beinjrs  e.\ists  in 
the  Lower  Ilnronian.  l'os>ibl\  some  of  ihe  dolomitic  rocks 
found  not  far.iw.iv  m.r.  lia\e  .in  ori-iii  froni  >!r-11s.  but  the  fact 
th.it  the\  nier.--  into  clilorite-doloinile -cellists  which  are  prob- 
al)ly  of  eruptixe  orij^in  >eems  to  ojipose  this. 

The  siderite  which  rises  in  m.iiiy  cases  to  the  summit  of  the 
iri.ii  r.iii-^e  rid-es  beside  the  banded  silica  is  usually  weathered 
for  half  .111  inch  into  impure  limouite,  but  beneath  this  crust  is 
still  wonderfully  fresh  for  ,i  rock  of  the  character.  It  is  bluish 
or  pale  violet  in  colour  when  fresh,  some  shade  of  brov—  'lien 
weathered,  and  has  a  very  m.issive  appearance  in   111.1.-.  .-..-•, 

tlioUKdi  as  it  approaches  the  .schists  it  may  take  on  a  .schisto.sc 
siructure.  -\lmost  ever\  where  crystals  of  p\  rite  occur  in  the 
siderite   sometimes  in  !ary;e  (pi.-'ntities. 

Thin  .seclioiis  show  luaiiiiy  siderite,  which  docs  not  diflei 
jrreatly  from  dijlomite  in  .ippearauce,  ihouj^h  its  frequent  wea- 
thering' into  limouite  distin;,niislies  it  Ironi  other  carbonates. 
Finally  j^-ranular  silica  is  almost  always  present,  and  often  .small 
amounts  of  dirty  bluish  j^reeii  hornblende  of  a  peculiar  sort, 
probably  <,aiie:ierite,  thouj^di  some  common  j,'reen  hornblende 
occurs  ai.so.  There  are  very  siliceous  siderites  linkinj,'  this  rock 
to  the  iifranular  silica. 
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